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Description 

1 . Field of the tnventtoEi. 

s [0001] Thft present invention reiates generaHy to the ^.e^; ■;■ n-3n...V:c:u-.nc cijntnsin-iC lenses, especially molded, 
hydrophilic contact ienses, and more specifically, to a high speed, automated contsci lens molding system for auto- 
maticaity producing ophthalmic ienses. 

2. Description of the Pnor Art. 

10 

[0002] The molding of piastic lens bianks, for txantpie tot cuffing to fit itito spectacle frames, in ?3 semi-automated 

manner is known. See United Kingdom patent no 1 092 749. 

[0003] The ditect moidin*^ of hydrogei conrf!.?t ie-^ses- :s. disclos.ed in U S Patent 4,495,313 to Lats.en U S Patent 
4,565,348 to Lsrsen U S P;.=!tent 4,540 439 :■.■> L^rier. al , U S Patent 4,680.336 to Laisen et ai , U S Patent 

?5 4,889,664 to Larsen etai . and U S. Patent 5,039.459 to Larsen et al , ail of which are assigned to the assignee of the 
present invention These references disclose a contact lens production process wherein each lens is formed by sand- 
wiching a monomer beKveen back curve {upper) and front curve {lower) mold sections earned m a 2 x 4 moid array 
The monomer is polymerized, thus forming a lens, which ts then removed from the rnold sections and further treated 
m a hydration bath and paci<age<J for consumer use. Hydration and re tease from the moid of this type of lens is disclosed 

30 m U.S Patisnt .5,094.609 to Larsen, and U.S. Patent 5,080,839 to Larsen, both of which are assigned to the assignee 
of the present invention. 

[0004] At the present time, partially automated 3r,d ss:i^:-a-jtoms'ed processes are used in the production of soft 
contact lenses, however high production rates are not achievable, partly due to the strict process controls and tight 
tolerances necessary m the production of high quality contact lenses European patent application £P 0 227 365 dis- 
ss closes a semi-automated process in which first and second mold portions are automattcaiiy aligned with each other 
However seting up the apparatus initiaiiy as a manual operation. 

[0005] Typicaily, the molds forthese lenses are formed, generally by injection molding, from a suitable thermoplastic, 
and the moids, usually in fi-ames associating a number of such molds with support structure are shipped from a remote 
molding facility and stored for use in a production facility for manufacturing contact iens bfanics. 

30 [0006] It is known that the use of lens moids maintained under normal atmospheric conditions leads to inhibition of, 
and thus incomplete and non-homogenous curing of the reactive monomer composition at the surfece of the lens, 
which in turn can adversely aiter physical properties of the iens. This phenomenon has been traced to the presence 
of oxygen molecules in and on the fens mold surface, which is due to its inherent capability of the preferred poiysty rene 
molding material to sorb quantities of oxygen. During moiding, this oxygen can be released to the polymerization 

35 interface wi* the reactive monomer composition in amounts which exceed acceptable maximums as determined by- 
empifica! testing. iWore specifically, the oxygen copoiymerizes rapidly with the reactive monomer but the polymerization 
chain thus formed is readily terminated, the result being a decrease In rate of monomer reaction, the kinetic chain 
length, and the polymer moiecuiar weight. The criticality of oxygen level and the difiicuity of implementing effective 
control protocols may be appreciated by recognizing that the fevel of oxygen at the reactive monomer/mold interface 
must be controlled to approximately 300 times less than the concentration of oxygen in air {3x10^ moles/titer), 
[00073 "^fi'S recognized problem has been addressed in the art by careftjl but time consuming and laborious precon- 
ditioning of the molds utilizing chambers evacuated to approximately 1 torr and maintained in this condition fora period 
of not less than 6-12 hours. Any interruption of the work cycle such as might be caused by a power interruption requires 
reinitiation of the conditioning treatment. 

4S [00063 Even brief exposure of the moids to air after degassing, as in norma) manufacturing handling is detrimental; 
it has been learned that even a one minute exposure to air results in sufficient absorption of oxygen to require 5 hours 
degassing to reacquire an acceptable condition. Accordingiy. a degassing operation immediately proximate the man- 
ufacturing tine, particularly for large volume transfers of molds with different exposure times was deemed impractical, 
and no real improvement over the present system. 

50 [0009] The problem is complicated by the fact that the front and back cuives of the juxtaposed moid sections exhibit 
different thici'.ne&ses, leading to potentially different exposure of the reactive monomer composition to oxygen across 
the surfaces of varying cross-sections which could result in distortion of the lens and degradation of its optical properties 
Thus, the concentration distribution of oxygen in the respective mold sections or halves remains symmetncal for short 
degas times, but becomes progressively less symmetdcat for longei degas times, and the anomaly can cause uneven 

ss cure and different properties between the frorrtand rear surface For example, the convex male moid may be degassed 
within about 2 hours, whereas the concave female mold may not be entirely degassed even after 10 hours. 
[0010] The commercial demand for soft contact lenses has dictated the development of continuous or at least sem- 
iconttnuous manufacturing lines. The criticality of manufacturing specifications in turn demands automated handling 
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of the lens manufactLinna operaiion 

[0011] Ajitbeifab - >. <r -^(.uci=' < outlet It-rt^e^ tn ^ toi nf^e ith the 

kcjchmq^ oftbe fotec " c " iflan^e an a tite nu notn [ oi mon aniet 

mixiure fs suopitec! in excess to front mold cur/e onorto the matina of the mold nalves. Aiierihe mold halves are piacea 
t a«;th(^r to dp^fine th«; n -^tc c "k'- - monomer nMirf- !=: «;/f.-^lled from 

the t.fd dvtymt t ai.e th flun ^■^ i po [. i ^-t z-st o th ^ ><.es<^ mt. notne t c mer mtd le 

forms a waste by product knowr) m tne art as a HEMA nnq (when hvaroxvethvimetnacryfate monomer ts usedi which 
must be removed to avoid contaminatna the Droouction line or the oackaaed lenses, 

[0012] In th?>? pi!>r qrt pi jc-'-^tr^ 1 ^> t jevicts are at ttnv^ utl(?fri t<. uerttf- rfdh» !>n ^ ntr ou 
h (hMirtdt^rsK -ifthc b<Jti< tiir « nu b h !lf to th€ )f^c V ( d!JS<Mhe> HFMArin 3 fo pf€f€t«>n{tdili rfdh« )fM-> !h b^j k tt)v 
at the time xba moid haves are separated. 

[0013] 1 hf f fKi art pr< f ^ * <r. oc* vmo tng tht- len«^ c n-t t^ of piehe-ttni hfattnq 

prvmo and removal. Hot air provides tne iieatma mechanical leveraoe the prvina. ana ihe removal of the HEivIA nnq 
fs manual Heatfna the moici dv convection [s not an efticient neat transfer technique. From the time a mola array enters 
the neaftnq aoparatus ur^til the back cur\/e moid halt is completely removea requires on the order or one mmuie. 
[0014] The present method for removma the lens iS to apply heat to the back curve mold half bv means OT a heated 
air stream. The heatino is done in two staoes: a preheat staae and a heat/pry staqe. In the heat/prv staae. the moia ts 
1,1 n p«d in place ar pr^ firqtr<5 are in erted under ont ^ <^ ^ '-'^ ' '^c d nd ar up sar pr fcro^ 

applied durinq the hecitin ^\ le vVhen the lequired tempetatuie ha fc<- Lack f"ur> e nnold portion 

t ie ii< fr « jiid ont 1=^1 is lifted by the oi y ttngt='( <ind the moid half is tt 1^ inq mold snd k n-^ 1^ fht^n 

r mc tdtmnth r <3ti loar i pryinq st tiw «ht(trtrnna i<- ftntHEMAr <• <• nsnuall Thcf^mpci tik 

graaient achieved in the convection heatinq of the lens is reiatr^eiy small, since the time it takes to heat the back curve 
mold half enables signittcant conductive heating of the lens, thereby decreasina the araatenf. and makinq sepai-ation 
of the molds Difficult Adding mote heat to the iens moid at "^eparatfon only cau-^c-^ the ba k up mold to soften and 
2S impair efficient mechanicai rem val Finally manual removaf of the remnants of the HEMA ring is labor intensive and 
costly. 

EOOI53 While the aforesaid production processes have some efficacy in the prodtfction of soft contact tenses they 
suffer a number of disadvantages which have hindered the development of a high speed automated production line. 
Wien moid frames are demofded in large batch processes, a power outage at the wrong time can effectivefy shut the 
30 entire production line down for many hours after restoration of power, while a batch of frames is degassed and readied 
for production. In the alternative, expensive control systems are required to protect partially degassed frames during 
a power outage, 

[0016] Further, the use of large mold arrays can cause registration problems for precision automated machinery if 

the polystyrene frame is distorted in any way. 

35 

SUMMARY OF THE INVENTiON 

[]0017] The invention involves the improved manufacture of lens blanits for soft contact ienses and more particulady 
to subsystem stations, operations, procedures and protocols impfemented in a continuous or at least semi-continuous 
automated manufacturi ng line to provide hig h speed, high vol ume prod uction with a reduced n umber of defective lenses 
or tenses of impaired physical or optical chanacteristlcs. 

IOOI83 The invention includes a method impfemented by associated apparatus according to a protocol to control 
oxygen levels at the interface between the lens mold biank and the reactive monomer composition within levels for 
reliable production of ienses of acceptable optical quality under optimum manufacturing conditions, thereby substan- 
4S ttally reducing defect ieveis. 

[001 93 It is th erefore an object of the present invention to greatly mi nimize the exposure of the monomer or monomer 
mixture to atmospheric conditions, particuiarly oxygen, and to reduce the amount of dissolved oxygen in the monomer 
or monomer mixture used to produce the lenses. 

[0020] It is also an object of the present invention to incorporate a completely automated production line system for 
50 automatically transporting contact iens mold portions throughout the coiitact lens filling, precuiing, polymeiizing. and 
demoldmg stations in a fast, efficient and precise manner 

[0021] Another object of the present invention is to provide a high speed apparatus for removing fragile front and 
back curve mold halves from a mold in which those articles are made, and then transporting those halves to and 
di'positing those halvi'S m a high speed, automated tTtanufacturing system, in a low environment 
ss [0022] A further object of this invention is to transport polystyrene mold halves from a moid in wfiicfi those halves 
are made, and into a low oxygen environment of an automated contact lens molding system, in less than 15 seconds. 
[0023] These and other objectives are attained with an apparatus according to claim 1 and a method according to 
claUn 96 Further features of preferred embodiments are defined in the dependent ciaims. 
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[0024] tt is stti! another object of the present invention to incorporate in an automated contact iens production fine 
facility, an automated patiet system wherein a carrier pallet is provided tnat can receive botn front curve iens motd 
portions and back curve lens motd portions prior to the formatian of a tens mold assembly. 

[0025]| Spec.ificaiiy the contact lens pallet &yst;?'^" ^p- sj s 2 pallet for canying and protecting the optica! surface 

s of one or more contact lens mold assemblies tiv; -..g^c^' an ;-;...;c.^.3ted contact lens production line, the pallet having 
one or mofe firs^f receis^es, fofrned tn a t?-v'e:.-' -'y ■ -c; i' --citvidusl contact iens moid assembly the 

coriljict lens mold assembly compnsir.o a '■<:■■■ -^-rc - ■; ■' v\; -:r>iplemenlary second bacl< curve mold half 

[0026] It !S an object of the present n.-t--.; - - t;- j^.c- .=,■. ^rp ;-,=,:. ^ fc ftlling and assembling mold halves for a 
contact lens v.hich includes a fifst automats^ci -e're ..ro i s^-'siiiy of tront curve contact lens mold halves, 

10 carried tn a unicjue pallet earner, 'vvtnctt are ih^r^ i-- c o .\ ■-- ; Siitermined amount ot a polymer!:?able monomer or 
monomer mtxtufe The apparatus also includes a i;-: s^.y. •- jVKi station which provides a coating of surfactant on 
3 portion of the front curve tens mold part to C'ic\- 'c- "'■=■'■=■■ s-i i\ adhesion of any excess hydrogel to a back cun/e 
mold part 'fhe apparatus further in^-ludes. a 'd s:::-;^--iatsd -itB;: ^c;- ■:e-.;L;6!-ti.ally receiving a plurality otback curiae 
mold parts, removing the back curve moid parts from the earner pallet, and then receiving and regtstenng the back 

J5 curve moid parts with a plurality of front cur.e j pars vs'^ic'i were previously filled with the polymercable monomer 
or monomer mixture A vacuum is first drawn about the moid parts and then the back cuA'e is assembled with the 
front curve and weight<='d oi clamped to displace any excels monomer from the mold cavity and to firmly seat the back 
cur\'e moid part against a parting edge formed on the front curve moid part. The assembly is accomplished under 
v.jcuum to speed the assembly of the mold and to avoid the formation of gas bubbles from any gasses tfiat might 

so (sthiifwise be trapped between tiie rnoki parts at the time of moid assembly 

[0027] It IS al';o an oi)ject of the present inverilton to provide an apparatus and a meltiod for procunng a polymercable 
monomer or monomer mixture to form a sot contact iens in a mold which enables a more Lintform cure for the lens 
during the cure step, and which reduces "puddling' or cavitation of the lens from the mold during cure. The mold halves 
are transported from the mold filling and mold 3i.se'r;biy station lo u precuie station, where they are clamped togethet 

2S under predetermined pressure for a predetermined period of time tn a low oxygen erivironment. The second or convex 
mold half is thinr^erthan the first or concave mold halves to enable mold compiSance during cure as the monomer or 
monomer mixture is polymerized. The clamping pressure aligns flanges formed on the first and second mold half to 
ensure that the Ganges are parallel and that the respective curves of the molds are aligned. The clamping pressure 
also seats the back curve moid half against an annufar edge formed on the front mold half to essentially sever any 

30 excess monomer from the monomer contained within the moid cavity, thus ensuring the best possible tens edge quality. 
[0028] After a predetermined clamping period, the monomer or monomer mixture is exposed to actinic radiation, 
such as a UV light source, to partially cure the monomer or monomer mixture to a gei state. After a second predeter- 
mined period of exposure under cfamping pressure, the clamping action and the UV radiation are removed, and the 
pattiaily precured gei like Isns is then transported in the moid through an extended curing station forcompists poiym- 

55 ertsation and cure, 

[0029] It is also an object of the present invention to provide methods and apparatuses that ca n easily and repeatabiy 
separate the contact iens mold portions having a contact lens formed therebetween without damaging the fens, 
[]0030] It is a further object of the present invention to provide a method and apparatus for separating a bacic curve 
mold from a front curve mold wherein a significant temperature gradient is created between the back curve mold and 
the contact lens contained in a cavity formed between the Nvo mold portions. 

[0031] It is another object of the invention to create this temperature gradientwithout excessive environmental heating 
or waste of energy through the use of laser beams or high energy steam nozzles, 

ip032] It is another object of the present invention to provide an autonnated means to mechanicaiiy and reliably pry 
the rTioid halves apart in a consistent and reliable manner to thereby enhance the production of defect free fenses, and 

4S minimize the tearing of the lens or the breakage of the lens mold parts. 

[00333 ft is ano*ter object of the present invention to provide a nnethod of controlling which mold half the lens stfc!<s 
to by controlling the temperature gradient and pressure applied to the assembled moid during iens demolding. 
[0034J Further benefits and advantages of the invention will become apparent from a consideration of the fottowing 
detailed description given with reference to the accompanying drawings, which specify and show preferred embodi- 

50 ments of the i nvention 

[0035] Aspects and preferred features of the contact iens manufacturing system in part described and claimed herein 
are set out in copending contemporansously filed cases VTN-73, VTN-75, VTN-77, VTN-78, VTN-79, VTN-80, VTN- 
82. VTfvl-8o. VTfvl-85 and VTisl-S7 isee items 1.3.5,6,7,6, 10, 11, 13 and 15, on the attached Concordance). 

.BR.I.EF.DE.SCRfPT^^^^^^^ 

[0036] The foregoing objects and advantages of the present invention for a contact lens production line pallet system 
may be more rsadiiy understood by one skilled m the art with reference being had to the following detailed description 
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of several preferred embociiments ttereof, taken in con] unction with the accompanying drawings wherein lilie eJements 
are designated by identical reference numerals throughout the several views, and in which : 

Figure 1 is a flow diagram of the conttnuoLis p-ccoji k,- contact tens production, inciuding molding, treatment and 
s handling of the molds and contact lenses in £ ^cw oxyoi?" environment. 

Figure 2 is a top elevational pianar view of prcdi.:::?::;-; i-ie system constructed according to the present inven- 
tion; 

Figures 3 and 3fa) are respectively, a top o- r:=r a; vik-^ a^d an elevation or side view of one embodiment of a 

first (female) or front curve moid half moiae;; p^^riua;:; to ;hf present invention; 
10 Figure 3{bi is an enlarged detail of a portion of Figure 3(a). 

Figures 4 and 4{a) are respectively a top or piar-ar v:evv ar-d art elevation or side view of one embodiment of a 

second (mate) or back curve moid i-ialf molded pursuant to the present invention; 

Figure 5 is an enlarged cross-sectional view of a pair of assembled moid iialves supported and registered m a 
pallet cavity. 

ts Figure 6 is 3 cross-sectional view of a typ;ca: production iine conveyor and a clamp apparatus used to pause pallet 

F igure / (a) ts a top plan view of a production tine pallet carrier, ysed to transport a plurality of contact lens molds 

throughout the contact lens production facility; 

Figure 7{b) is a side elevational view of the production line pallet carrier illustrated in Figure 7(a); 
30 Figure 7(c) is a botlom plan viev^ of the production iine pallet carrier liiustrafed in Figure 7(a), 

Figure 0{ai is a simplified piari view of the first section of an aiiiomated line for the molding of contact len?es, and 
includes diagrammatic plan views of the injection apparatus and robotic material handling devices used to prepare 
and transfer mold halves for the lenses to be molded 

Figure S{b) ts a simplified plan view of a second section of the automated line for molding contact lenses, which 
2S illustrates the filling and assembly stations and a precure station utilized in the practice of the present invention; 

Figure 8(c) is a simplified plan view of a third section of the automated iine for molding contact lenses, which 
illustrates the curing ovens for the lenses; 

Figure 8{d) is a simplified plan view of a fourth section of the automated line for molding contact lenses, which 
illustrates the demolding station for the ienses. 
3<? Figure 9 is a simplified diagrammatic view of a monomer degassing and pumping system utilized in the present 

Invention. 

Figure 10(a) Is a diagrammatic iilustration of a front curve moid half being filled with monomer pursuant to the 
present invention; 

Figure 10(b) is a diagrammatic illustration of the application of a mold release surfactant to a portion of the front 
35 curve mold half; 

Figure 10(c) is a diagrammatic Illustration of the transfer of the back curve mold half pursuant to the method of the 
present invention; 

Figure 10(d) is a diagrammatic illustration of the mold assembly and clamping step used in the method of the 
present invention. 

Figure 10(e) is a diagrammatic fiow chart of the method of filiing and assembling the moid halves of the present 
invention. 

Figure 11 is a partiaiiy cross-sectioned side view of the filling moduie used for depositing a predetemiined amount 
of monomer or monomer mixture In each of the moid cavities. 

Figure 12 is a partially cross-sectioned elevation view of a stamping station for the appiicatton of a surfactant to a 
4S Stamping head and thereafter for the deposition of a film of the surfactant onto a surface portion of the front moid 
haif, 

Figure 13 is a diagrammatic time line Illustration of the assembly step of the present Invention- 
Figure 14(a) is a diagrammatic side view of the exterior of the assembly moduie of the present invention; 
Figure 14ib} is a partially cioss-sectioned side view of the assembly module illustrated in Figure S{a). 
50 Figuie 15 is a diagiammatic and partially cross-sectioned illustration of the dosing orfiiling station of the present 

insention illustratmo the ^'acuum interconnections to the reciprocating filling module. 

F igui e 15 is a diagrammatic and partiaiiy cross-sectioned illustration of the assembly station of the present invention 
illustrating the vacuum supply lines for the lectprocattng assembly station. 

Figure 1 7 is a partially cut away elevation view of one of the embodiments forpreouring a polymerizabie monomer 

ss 01 moriomur njixture to form a soft contact iens 

Figure 18(a! is a diagrammatic illustration of one embodiment of the present invention which uses an air driven 
clamp tof clamping the mold halves together. 

Figure 1S(b) is a diagrammatic illustration of a second embodiment of the present invention which uses a spring 
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driven clamp for cfamping the mofcJ jiatves together 

h igure 1 y is a partiatiy cross-sectioned elevation view of a reciprocatina portion of one embodiment of the present 
invention sttjtsbie for precunna a poivmerizabie monomer or monomer mixture to form a contact tens. 
Fioiire 20 is an ena eievatfona! view of the apparatus titustrated tn Figure 19. 
s Fi ure 21 an ele atwnal end \,iy.« < t a econd embodiment of the present invention used to precure a poivm- 

e-tk :tble- tncnt in^-f or m >nt. m-^-r rni'< * - ' t ien«- 

Fiquff' 22 (s 'in t^ifcVdtioriai ^ - > - „ ^ 

Fi_ufp2v.!= partialK '"fD='=; -^e^t - ^ v-unng units itiustrated in Figure 8(c^ 

■^iquie ^^4 (i> a didqiammatii. ani.' i- - - - - ^ „ - *nf i.'*-moidinq appaiat'tsi u<^sd fu d(='mold 
10 th<' inold as^-t^nt-lv tn the* la' t^r d-rmidinq emboott^- itni: ot me DtC'sent (nvention, 

Figurt 2"^ i a che nntio dkn'ani of cjh ipttcai tram s '■ mtodinunt r^f thi tn t nlim 

f tqurt- )i a planar viesv of the front cuive letamtng means u ed m the ia er demoiding embodnment ot the 

present invention; 

Figure 26( b) is a partially cross-sectional view of a portion of the faser demolding embodiment iilustrating the front 

J5 curve retaining guides. 

Figures 27{aHc) are, respectively, a first elevation view, a top or plan view and a side eievaiion view of the laser 
demolding lapparatus of the present invention 

Figure 28 is a partiaily cross-section elevation view of a walking beam transport means that may be used to provide 
precise posittonmg of the pallet of Figure 7, 
so Ftgure 29 is a diagrammatic side view stiowlng generally tiwo sets of pry fingers that separate to lift a back cufve 

lens moid from a front curve lens moid. 

Figures 30(aHd) iiiustrate in detailthesequenceof steps for separating a bacit curve moid half from a front curve 
inold half of a plurality of contact iens molds in a second embodiment of the demolding station of the present 

invention; v/hersin 

2S Figure SOfa; iiiustrates the device with the steam nozzies engaging the moid parts and the pry fingers engaging 

the moid flanges; 

Figure 30(b) iiiustrates the retraction of the steam nozzfes, and engagement of the suction cup assembly; 
Figure 30(c) illustrates the upward pry motion of the assembly to remove the back curve mold part from the front 
cuive tnold and molded iens; 

so Figure 30(d) illusitratesthe retraction of the pry fingers to aiiow removal ofthe back curve mold parts by the suction 

assembly, and advancement of the pallet containing the partially demoided lenses. 

Figure 31 is a partia! plan view ofthe demolding assembly illustrating two sets of pry fingers for each ofthe pafiets 
conveyed on a pair of conveyors. 

Figure 32 is a detailed slevational view of a steam discharging apparatus that may be used with the present 
35 invention. 

Figure 33 is a detailed cross-sectional view ofthe nozzle for discharging steam against the bacl< curve lens mold 
surface. 

Figure 34 is atop plan view ofthe steam discharge manifold ofthe apparatus iiiustrated in Figure 32 for distributing 
steam to each ofthe nozzie assembfies ofthe steam discharging apparatus. 

Ffgu re 35 is a top plan view of the condensate man ifold of the apparatus filu strated in Figure 32 for venting excess 
steam pressure during steam impingement to regulate the amount of steam discharged to the back curve iens 
mold surfece. 

Figure 36 is a detailed cross-sectionai view ofthe steam intake vaive ofthe steam discharge apparatus illustrated 
in Figure 32. 

4S Figure 37 illustrates in a top or plan view the suction cup assembly useful in the demolding station iOustrated in 
Figure 30. 

Figure 38 iiiustrates a side eievation view ofthe suction cup assembly iiiustrated in Figure 37. 
Figure 39 iiiustrates a front elevational view of the suction cup assembly iiiustrated in Figure 37. 

^ DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0037] in accordance with the present invention, fens mold blank preparation is integrated with lens blank manufac- 
ture to minimize the time of exposure of iens blank moids to oxygen prior to impletnentation of the curing stage Given 
that <Dv<Dti a one mifRite- di'iay bf5tvvei5n filling (introduction oi the reactive niofiomer composition to iha cavity o! the 
ss concave lens mold section) and curing would require fis's hours of degas to achies's a target mtntmum of 1 x 1 0"5 moles/ 
cm^ concentration of ovygen at the reactive monomer/moid interface, the facility of in line preparation of the lens mold 
blanks will be appreciated. 

[0038] Reduction in oxygen levels is thus achieved not by degas atone, as practiced in the prior method, but in the 
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higti temperative conditions obtained in the molding equipment and the fresh motcfing of a fuiiy degassecf moid blank 
which !s as soon as possible blanketed in an inert gas such as nitrogen for further handling through fiifing. precure and 

final cure. 

[0039] It has been determined that a key para m€ - ig oxygen fevets at the mold interface the diffustvtty 
otowgen into and fromthe moid surface in respor ^ - - * conditions and thereafterto and into the moid/te icti <^ 
rnt. rtotne-t < imposition Moljed lens fnDk''^ ft- - - ^ •^ itption <snd absorpti >n me- hanibrn-- in un-sct f-ptc)b!> 
hiqh Ifcvfciff rt^tatfied but rrjiqidtablec > ''^fh^-teiJi -^fntnoHVi <LOfnf:'>sit(ori |, .fittuldrU 

tn the case of the preferred poiyst^fpr- ^, purpce of thf« applicat!<^n both dd^orptirn and 

dbborption mechanisms aie summarrev. - - t -r-T ^bboipti^n Th» miyiation ot /qen r^-^poni'i 
Lonc wntrrftion uc h th.Jt \ 'h hi (i moid t i,uLj='CK 3 (:><) va ^ j ' i wiii mtgfdtc at spf [i tibi dtffii I'ln r at Uthci'su 
roncf^ntraiion in this inslani.e trif^ yacuuni !\!^ilutciiK U - <■ cf ih-^ nx'l j oili tin Icjst petti jri in full, d-^g j 
ieadirtgtothe un^xeftsibh ionn dega^ ttme^ forcondittc o i. ■='-'-a"^ = ' t ur^imdanedSf n^ ie=id^offtn nofi 'vci^n 
/i/iltoccur atthesLtrfrfCt- andret-qiilbrrtiontotheint^r^ 3 ^ * b/ diffu^ i'jn late in tht- mold rndt-^'n il 
hf^nce any expc sine to the atnu. ^htri^ \ ill f ^pidl , tes ^ " < "iqh le 'els of ovygen at th^ mold mterf i 

which only relatively evten'^i,r'<,onditi<'^n!ngtfe^itmpnt % e«v - "-if^rt of thp surface -^ituatedo^y^'^ii^ tlld!ffu'=;e 

t<. the 'j^vcif^n puof mteno) and tbHn must b<=> f«acoii!if»o e ^utace prioi tu f-lfmination to thf mni or inert ^a^ 
medium. 

[0040j The fpcognttion tn^t diffusion of soroed uvygen from the intenor of the len^j meld could lead to di'^ruptton of 
lens i^uality e 'en ^hete suifat.es hdd been avept of residual ovyqen thus lead to a furthei modification ot piocisi^ses 
for rtu h;!ri jlini. >f k n , m >io fo( »id thr )uoh iht=' moldtnq pioce'.s Specif!:;aliy every evposur« of th« k ns ift jki to the 
<ilmubpht-r ^ uitld in t-^p< to It^ i-i to fntthc i so p*)c x^gt n \Ahioh would diffuse in p )rt to tho int lui of the 
part In con=;enuenc» surface flushinq .-ith r- r^-t'^ j'-t , ■^•^ A d'ffu=;ion tinip^ \ outd net fc-^ <:ttfifiert to avoid 
molding problems derivative tromthe presence ot ox vqen. as m an oxygen starved inert atmosphere, the oxvqen stored 
in the intetior ■>llh l-^ns mold v oiild readily and relatively rapidly desorb to tne surface Thtn onte the mold vas filled 
witfi reactive monoiner. no amount of flushing would resotve the problem, 

[0041 j It V) In n realised that for every atmosphenc exposure the lens moid would optimally b«vvholly degassed 
hence ■>nly by minimizing the time of such exposures and holding the lens moid under nitrogen for a time to permit 
essentially complete degassing couid the problem be resolved sati^factonty According to the invention the injection 
molding operations previously performed off-site are phystcaiiy integtated into the contact lens manufacturing line 
With the hicsh temperature and pressure of the moid equipment the initially hgh oxygen levels on the pelletized feed 
are efficiently cleared and the fresh surfaces formed in the molding process are readily and preferentially purged of 
residual oxygen. The pelletized feed may also be degassed with nitrogen in the hopper of the injection mold. 
[00423 While the preferred moid material is polystyrene, the molds can be nrrade from any thermopiastfc material 
which is suitable for mass production which can be molded to an optica! quality surface, which is transparent to the 
radiation used for polymerization and which has mechanical properties vWiich will allow the mold to maintain its critical 
dimensions under the process conditions employed in the process discussed in detail below. Examples of suitable 
thermoplastic materials include polyofefins such as few, medium, and high density poiyethylene, poiypropyfene, includ- 
ing copolymers thereof; poly-4-methyipentene; and pofystyrene. Other suitable materiais are polyacetal resins, poiy- 
acrylethers, poiyaryiethersulfones, nyfon 6, nyfon 66 and nyion 11. Thermoplastic polyesters and various fluorinated 
materiais such as the fluotinated ethylene propylene copolymers and ethylene Huoroethyiene copolymers may also 
be utilized. 

£00433 ft f'ss been found that with the need for a high quality, stable mold and especially for the use of a piuraiity of 
molds in high volume operations the choice of material for the molds is signiffcant. In the present invention the quality 
of production is not assured by individual inspecting and sorting each lens for power and curvature, instead the quality 
is assured by i<eeping the dimensions of each individual moid member within very tight tolerances and processing 
molds in particular sequential steps to give all lenses equal treatment Since polyethylene and polypropylene partly 
crystallize during cooitng from the meft there is a relatively large shrinitage giving dimensionai changes difficult to 
control. Thus, it further has been found that the most prsfenred material for the molds used in the present process is 
poiystvrene which does not crystallize, has low shnnkage. and can be injection molded at relatively low temperatures 
to surfaces of optical q>ialitv It will be understood that other themioplastics, including tho?e mentioned above, may be 
used provided they h.^i^":' thPiP ^arne properties Certain copolymers or blend of polyolefinsthpjt e<hibrt thes=e desirable 
charactenstics ateulso suitable fortne present purposes as are polystyrene copolymers and blends having such char- 
acteristics, as desctibeo more fully in U S Patent No 4 365 iAH 

[0044] roi effn.ieii'^y ease of opeiation, and r-ycl-% times injection molding devices are preferred The cycle time for 
purposes of j<n autonj.sti'^d opor,3tion is minimced v\i-ipf«''n average matensil throughput is as little cSS 3 to 12 seconds 
and preferabK 6 seconos is achieved under inventive conditions during which the material is heated to a thermoplastic 
condition, extruded into the niolds and ejected oi lemoved fiom the moid However, the ma.<imijm manifold temperature 
of 270-280<'C IS achieved only for a fraction of the material throughput time, and the mold tempeiatufe is 215-220*'C. 
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hence it was SLirprising that the injection moid operation was found capabte of defivering essentiaiiy fuiiy degassed 
moid sections in each cycte. 

[0045] Unlike poor practice as described in U.S Patent 4 ?'?5 C'-^ii the moid is designed to produce fully formed 
lens mold parts directly, ttiaf is witliout associated £^:pp?rt st':.:c;:,::e ■^uch as a framis, there is in consequence no ni?ed 

5 to dissociate the part from unneeded poiymer mat?-; :^: on a^^-oio-r^g and the lens moid parts may be directly collected 
by automated robotic means for delivery to the trans, n-^-H^s \r. :ir.y given cycle, any number of mold parts may be 
prepated but for convenience of handling, typically & itni nv.;-; psr-s of concave or convex configuration are prepared 
in a given cycle and transferred by automated robotic ^r^ea^-s tc 3 cs^ie- of aluminum or stainless steei in which they 
sfe received and supported in a regular spatial array aaapted f-o; f^irtner operations. 

10 [0046] As illustrati?d in Figures 1 and 2 injection molds #1 and #2. shown ai s;ieps; 101 and 102 in ihe flow ciiagram 
of Figufe 1 mold respectively front ciuve and back cutve lerss mold parts or sections, in matched sets; they may be 
located in tandem as shown tn Figure 2 or to ihoiter. e-.&csure to tr^e atmosphere still further, they may be located tn 
a common plane intersecting a bifurcated transport line, even perpendiculariy oriented thereto in the same plane. 
f00473 Robotic means 103,104 are provided adjacent the moid registry and ertgagementstation for receiving concave 

?5 and convex lens molds respectively and t-ansfemng ;.3:C! moid pa:' to a ios^' oxygen environment at a high production 
cycle rate, as noted at step 105. 

[0048] In the course of or following complete degassing of the iens mold sections as indicated at 106 in Figure 1, 
the pallets containing concave and convex lens iTiOld sections are ordered into interleaved relation and degassed on 
enclosed infeed conveyor such that automated eq^upmen- may effect their operative mterengagement into molding 
so relation. 

[0049] The sequencing conveyor 32 including the icteCesving si.siuon ^0 :s enclosed and pressurised oyer its entire 
length With an inert gas, conveniently nitrogen. The amount of nitrogen is not cntical. it being suitable to use just enough 
nitrogen pressure to effectively exclude the atmosphere under the operating conditions experienced In the nitrogen 
tunnel surrounding sequencing conveyor 32 the freshly prepared iens mc-id i.'-iani-.s are degassed as indicated at step 
ss 106 in Figure 1 

[0050] The concave tens molds are filled with the reactive monomer composition at step 107 and the concave and 
convex lens molds are placed into registry and urged into complementary molding relation. The filling and assemfoiy 
zone SO surrounds a portion of the conveying or transport means 32, which delivers to the zone pallets of concave and 
convex lens moid sections, respectivefy. and at the terminus of the zone carries pallets of paired and fiiled molds to 
30 the precure zone. The filftng and assembly zone iliustratsd in Figure 2 at 50 is defined by a geomstricaliy appropriate, 
transparent enclosure, generally of rectangular cross-section, formed of any suitable thermoplastic or metal and ther- 
moplastic construction. 

[0051] As illustrated at 1 07 in Figure 1 , the concave lens moid sections are filied with degassed monomer composition 
from step 106, and then transported to an assembly moduie having a vacuum chamber formed intermittently within 
35 the nitrogen tunnel in which filled concave lens molds are engaged with convex mold sections in vertical alignment 
and in mating relation, such that the reactive monomer composition is trapped between the optical surfaces of the 
respective mold sections and at least partially seaied by the engagement of the parting edge formed peripherally in 
each of the lens mold sections. The vacuum is released and the mated mold is passed through nitrogen to tfie precure 
station, an tntegrai part of the nitrogen tun net. 

[0052] As will hereinafter be explained In detail, the vacuum chamber is formed upon and about a single paliet by 
the periodic reciprocabie motion of appsnatus also comprising means for alignment of the seating of the convex moid 
sections upon the concave mold sections so their axes of rotation are collinear and their respective fianges are parallel. 
Upon sealing engagement with the paliet the thus formed chamber is evacuated in order to ensure that no gas bubbles 
are entrapped between and upon the respective optica! molding surfaces. The degree of vacuum is selected for the 

4S purpose of speeding the assembly of mold parts and removing any gas bubbles at the monomer/moid interfece that 
might otherwise be entrapped in the course of closure between the complementary moid sections. 
[0053] Following assembfy of the mold parts, the incipient iens monomer is precured at step 109 in the precure 
module 60 of the present tnventton. The process of the precure involves clamping the mold halves in registration and 
then precunng ttie monomer-or monomer mixture to a gel iike state, 

50 [0054] Foiiowing piecuie the poKmeu-tation of the .^oro ^e' oi monomer m!\lur« is completed m cuiing tunnel 75 
.:is indic.:it':'d at stPf t !0 .:is 'Alii hpiem.jfte) e<pl3ined i'" oe: jil 

[0055] F •jllowing :omplete polymerization the lensies are demotded by heating the fc acl- c urve mold and then prying 
fioirttheftontcut\eand mold m the demold assembly 90 as indicated at stec 111 Finally the lens is hydiated inspected 
and packaged as indicated at step 112, 
ss [0056] JriUh the inventiori penniti, the gf-neration of high optical quaiitv soft ronlaot lenses in volume sjnd at high 
speed. With a low defect count, 

[0057] Petemng to Figuie-. 1 ^nd 2 the first and s.econd injection molds iOliai and t02(a( aie continuousK cycled 
to periodically produce (generatty, from 3 to 12 seconds, and preferabiy, about 6 seconds) sets of concave and convex 
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tens mold parts or sections which are coitected f-c-- .-.c a; -.ne end of each cycle In the geometric configuration 
obtaining, (and preferred for better manipulative e^c-a-je •"■i ;^-iotd upon opening tor demolding present tiie finisiied 
lens mold parts, in 01 cIosk' to the vertical piane, g^'ni ' a y -r 'L'- from the vertical As illustiated in Figure 2 and noted 
at step 105 in Figuie 1, a plutality of finoets of the articulated robotic means !03, 104 gently enqags: and recede the 
s set of molds and s^vhile mafntaining same tn essentially the ss'^e spatial relation, rotates them from a plane generally 
perpendicular to the transport line through 80" to a parallei plane above the transport means while simultaneously or 
sequentijilly rolaling lovvard su6 tjogagmg the rc' r -i-o :f ?- -'.i-^-jort hr.e and releases the mold patts tfjto 
registry with carrier pallets on conveyor means .r^.r :j<? -^'z v a: 2~ 11- m Figure 2 

[0058] The rot)otic- transporting assemblies genr^^. > ci^-r.:;;^-,; at '-OiAQA tn Figure 2. deposit the bach rur\'e mold 
?o parts directly on ;3 production line pallet that has been morne^^Ssniv paused by a clamping means. 

[0059] As will be ht5riMn£jfter explained with reference to F^cureSij), the front curve mold pcjrts or hakes are removed 
form the injection mold 10(al m an inverted onentation to avoid any possible contact with the optical surface of the 
mold half The front curve halves ate ther n.s-tt--: r;, .=;-ct?-e' 'ocoib t'snsfet device and deposited on a stationary 
pallet therebelow. 

?5 [0060] After recervtng the sets of moid paits, the pallets are advanced by the belt conveyors 27.29, in the direction 
indicated by the arrows in f-igure 2 into a low oxygen environment, generally indicated by housing means 24. Housing 
means 24 ts pressurized with as indicated, and may optionaify be equipped with air fock means at each entry and 

egress point of the low oxygen environment 

[0061] Figures 3 and 3(3 ! illustrate respectively top elevational and side views of one embodiment of a first oi front 

25 moid half 10 useful in ttte production of a contact lens by the polymerization of a monomer or monomer mi:<lure m a 
moid assembly f.ornposed of two compkuneritsiry front and base moid halves The front mold fi-:ilf 10 is preferably 
formed or polvstvrene but could be any suitable thermoplastic polymer such as mentioned hereinabove which is suf- 
ficiently transparent to ultraviolet or visible tight to allow irradiation therethrough with light to promote the subsequent 
poiymerization of a soft contact lens. Atternativeiy. other forms of radiant energy could be used providing the front mold 

2S half IS transparent to that form of energy, A suitable thermoplastic such as polystyrene aiso has other desirable qualities 
such as being moldable to surfaces of optical quality at relatively tov,' temperatures, having excellent flow characteristics 
and remaining amorphous during molding, not crystallizing, and having minima) shrinkage during cooling 
(0062] The ftont mold half 10 defines a centra! curved section with an optical quality concave surface 15, which has 
a ciKuiai (.iRu inferential parting edge 14 extending therearound. The parting edge 14, shown in enlarged detail in 

50 Figure 3(b) is desirable to form a sharp and uniform plastic radius parting fine {edge) for the subsequently molded soft 
contact lens. A generally paraltei convex surface 16 Is spaced from the concave surface 15, and an annular esseritially 
uniplanar flange 18 is formed extending radially outwardly from the surfaces 15 and 16 in a pfane normal (perpendicular) 
to the axis (of rotation) of the concave surface 1 5- The concave surfece 1 5 hasthe dimensions of the front curve (power 
curve) of a contact lens to fse produced by the ft"ont mold half, and is sufficiently smooth such that the surface of a 

35 contact lens formed by polymerization of a poiymerizable composition in contact with the surface is of optically accept- 
able quality. The front mold half is designed with a thinness (typically 0.8 mm) and rigidity effective to transmit heat 
therethrough rapidiy and to withstand prying forces applied to separate the mold half from the mold assembly during 
demofding. 

[0063] The front mold fia If or cu rve thickness was red uced from 1 5 mm in prior designs to 0, 8 mm. Tfi is has a direct 
40 impact on cycle time reduction 

[00643 Figures 4 and 4(a) illustrate respectiveiy top elevational and side views of one embodiment of a second, or 
back curve moid tialf 30, The back curve mold half is designed with ail of the same design considerations mentioned 
hereinabove with respect to the front curve mold half 10. 

P0653 The i3ack cun/e mold half 30 is aiso preferably formed of polystyrene but could be any suitable thermoplastic 
4S such as those mentioned hereinabove which Is transparent to visible or ultraviolet light. The back curve moid half 30 
defines a centra! curved section with an optical quality convex surface 33, a generally paraltei concave surface 34 
spaced fi-om the convex surface 33, and an annular essentially uniplanar fiange 36 formed extending radially outwardly 
from the surfaces 33 and 34 in a plane normal to the axis (of rotation) of concave surface 34. The convex surface 33 
has the dimensions of the rear curve (which rests upon the cornea of the eye) of a contact tens to be produced by the 
50 base mold half and is suffn lentlv smooth such that the surface of a contact lens formwd by polymeiiration of a polym 
enzat 1*^ -x mposition in cont.iot with the surface is of optically acceptable quality The base mold half is designed with 
a thinness itypij-jlly Of? mm) to transmit heat therethrough lapidly and rigidity effective to withstand pr>'ing forces 
applied to seoatate the mold half from the mold assembly a. > "g aemolding 

[0066] 1 tn^ base cuivf^ i'. desHjfis d with a babC curvr- sa.' e* s n mm (see Figure 4{ai foi the predetermined sag 
dinji-^nsiori "V"t The basf fur>.'f saq and thickness of 0 C if^'-Js; tv-.o purposes 



1 1 h*^ ba^e cun/e ^.ag result* in a gaf c\ \ b mm - 3 0 mm between the assembled base cur.'e and fiont cuiv*^ 
which assists in mechanically removing the base cun/e from the front curve matrix after polymerization which forms 
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a contact lens. 

2 With a part thickness on the order of 0.6 mm. the base curve reduces the occurrence of w&ld lines on the dtstal 
side of the flange (where- two melt flows converge) which co!)!d detnmentaiiy cause a fracture line on the base cupje 

5 [0067] The moid halves 10,30 define generally t':3n3i.:;:;;- ;£i:s 2e 2~ in-ro-s: -a::;-; the f:ange which project from one 
side of the flange. The tab 37 extends to the tniedion hot tip Vv-htch supplies molten thermoplastic to the mold, and also 
defines thetein an angled ie.g , 45' ) web sections 22.36 ;-n;o',:.r;;:r;o -ne ::-;-.v c.f sh^ [.-olyrner wave front and {hu& to 
avoid jetting, sink mari<s, weld lines and other undesirable fiows which would impair the optica! quality of the mold half 
The moid halves 10.30 also define a small circulat projections. :.?r; 7.5 v.hu'n ser/e as traps in the molding process to 

10 immobilize small plugs of colder polymets that may fcm; a; v-e ;njection hot tip belween cycles;. 

[0068} The monomer and monomer mixtures to which th:s process may be directed include copolymefs based on 
2"hydroxyethylmethacry!ate ("HEMA") and one or more comonomers such as 2-hydroxyethyl acrylate, methyl acrylate, 
methyl methacrylate, viny! pyrrolidone, N -viny! acrylamide. hydros ypropyl methacrylate, isobutyl methacrylate, styrene, 
ethoxyethyl methsicrylate. methoxy thethyleneglyco: .T-i&thac-y^ate giycidyl methacrylate, diacetone acrylamide. vinyl 

15 acetate, scnylamtde, hydroxytrimethylene acr^'late, metnoxyetnyl methacrylate, acrylic acid, methacnyl actd, glyceryl 
methacrylate, and dimethylammo ethyl acrylate. 

[0069] Preferred polymerizable compositions are disclosed tn U S. Patent No 4,495,31 3 to Larsen, U.S. Patent No 
5,039,469 to Larsen et al. and U S. Patent No 4,680.336 to Larsen e' al which include anhydrous mi.x'tures of a 
polymerizable hydrophilic hydroxy ester of acrylic acid or methacryiic acid and a polyhydric alcohol, and a water dis- 
so placeable ester of boric actd and a polyhydroxyl compound having prete^rably at least 3 hyo'roxyi groups. Polymerization 
of such compositions, followed by displacement of the boric acid ester with water, yields a hydrophilic contact lens. 
The mold assembly of the present invention described herein may be used to make hydrophobic or rigid contact lenses, 
but the manufacture of hydrophilic lenses is preferred. 

[0070] The polymerizable compositions preferably contain a small amount of a cioss-linking agent. usLially from 0.05 
2S to 2% and most frequently from 0.05 to 1 .0%, of a dtester or thester Examples of representative cross linking agents 
include: ethylene glycol diacryiate, ethylene glycoi d (methacrylate, 1.2-butyiene dimethacrylate, l,3-butyl6ne dimeth- 
acrylate, 1,4-butylene dimethacrylate, propylene glycoi diacrytate, propylene glycol dimethacrylate, diethyigiycol 
dimethacrylate, dipropylene glycol dimethacrylate, diettsyiene gfycoi diacryiate, dipropyten© glycol diacryiate, glycerine 
tnmethacrylate, trimethylol propane triacrylate, trimethyiol propane trimethacryiate, and the like. Typical cross-finking 
30 agents usually, but not necessarily, have at ieast two ethyientcally unsaturated double bonds. 

[0071] The polymerizable compositfons generally aiso include a catalyst, usually from about 0.05 to 1% of a free 
radical catalyst. Typical examples of such catalysts include iauroy! peroxide, benzoyl peroxide, isopropyl percarbonate. 
azobisisobutyronftriie and known redox systems such as the ammonium persulfate-sodium metabisulfite combination 
and the like. Irradiation by visible light, uitraviofet iight, eiectron beam or a radioactive source may also be employed 
55 to catalyze the polymerization reaction, optionally with the addition of a poiymerization initiator, Represeotative initiators 
include camphorquinone, ethyl~4-<N.N-dfmethy!amino)benzoate. and 4-(2-hydroxyethoxy)phenyi-2-hydroxyl-2"propyf 
ketone. 

[0072] Poiymerization of the monomer or monomer mixtu re in the mold assembfy is preferably carried out by exposi ng 
the composition to polymerization initfating conditions. The preferred technique is to include in the composition, initiators 

•40 which woii< upon exposure to tjltravioiet radSatfon; and exposing the composition to uitravtolet radiation of an intensity 
and duration effective to initiate poiymerization and to allow it to proceed. Forthis reason, the moid halves are preferably 
transparent to ultravioiet radiation. After the precure step, the monomer is again exposed to ultraviolet radiation in a 
cure step in which the poiymerization is pennitted to proceed to completion. The required duration office remainder of 
the reaction can readily be ascertained experimentally for any polymerlzabie composition. 

4S [0073] As indicated at step 108 in Figure 1, the monomer or monomer mixture is degassed prior to the filling of the 
front curve mold half in order to remove dissolved gases. Oj Is removed because of its deleterious efl'ect on polymer- 
ization as noted above. Other gases, including Mj, are removed to avoid the formation of gas bobbles when the mon- 
omer is expelled from the reiativeiy high pressure of the pump fine which supplies the fill nozzle, to encounter the 
atmospheric or subatmospheric pressure of the filling and assembly chambers. 

50 [0074] As illustrated in Figure 9 the potymerisable monomer or monomer mixture is provided m containers 400, 
typically 15 liters in volume. The container is connected to the monomer degassing system by means of line 412 
Suction is developed by pump 414 to draw the monomer from the drum 400, through line 412. to pump 414, and out 
the pump discharge 416. While going through discharge ime 416. the monomer passes through filter 418 in order to 
remove any extraneous particulate contaminants tttaf may be present in the monomer 

ss [0075] The monomer is then provided to the inlet 420 of the degas unit 422. Within the degas unit, the monomer is 
divided among a plurality of tubes 424. and then recombmed into a degas unit discharge 426 The degas unit is operated 
under a low ambient pressure, typically around A torr Vvfhich is provided by vacuum pump 428 T his vacuum pump is 
attached to the degas unit 422 by line 430 and discharges the excess air from the degas unit by way of line 432. The 
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tucin members 424 are formed preferab! ofaga- ^ h as STMT tub) ng produced f y ^r■t^tt^c inc 

ffAnciO'e! NevVJerseyfjomOMiBOMecficalGr^-^-v. lufactured by Do* Corning of Mtrtlanrt Mkh 

toan While ^/otLfbe'- ^re itk strft€d in Ptauns 9 it - ^ tlih of tubes tyot iit\ lOtuie^at pto lae 

for the deaas Lfntt 422. 

[0076] Aftwi tin- mi nomer evit the de a un'' - ^ '"-^ <- through an uvygyn mi nttor 

^ men c mej l ^ the restdt dkxvuirn ^ !th mr jtnertc r ^i. tht^t the t. ^-cjj'- 1 ni fi net t.in!rx (. cpe K If 
the t> , en "tntf'iit '>f the munomet i-, ' „ , c rduction litv tan haU-^d unti! 

the pru lem I i.orrected in orderto x^. 

[0077] On<.e j^^y-'n mnnjto! 4 4 li=5i. - <^ ^ ^ , ^ ^ ' monimeM- --iifft^iejitl Ion thf 
monomer passes throuah itne 43o iriio manifold 438 The manifold ts used as a common source lo supolv a Dfuraittv 
of precfsion dose pumos 440 used to fill the individual contact lens moid at the monomer ftllinq and assembfy dosinq 
station ou. f he pumos 440 used to pump the processed monomer delivered to manifold 438 are pumps maae by the 
IvtiK corporation. North Spnngfield. Vermont. These pumps provide precision doses of degassed monomer to the 
mol-t ca ittt- 1C via nozzles. 242 A r turn hne 442 Keep the monomer of the front curves 10 circulating when not 
pumped bv pumos 440. 

[0078] A tO|. ^tsvs Ota pioJnction ltn« pallet 12 tot cansin^ pi du'^tion i(»n mold hal ^hown illu tn:jtt< in I iqurt- 
ul \'tth^ "idf^iev liiu ttated m h ine i b}andabott m/^ I'l sprite ^ in f icure ut it should Lind-^rstooii that 
all pail«t<: 12 are !nt«ri,hanqe' bie in tnat the may accommodate either front curve or back curve contact iens moid 
hdives In the j-iefeittd emboi^imtint shown m Figure 7{a) the production tine pallet 12 is formed ofaluminum and may 
Su bci bO mm in wtdlh and 120 mm in length. In another embodiment, the pallet 12 may be formed of staintess steel and 
may be 80 mm m width and 160 mm tn ienath. 

[007 ] Ta h pillet 12 ort i!n<: a (.iuraltty of recesses for receivin i re'ipf^cti 'e i^ontact len<: mold <:=;em ly 39 
otijti^nHj 4 OKif lim<^nt IV front t^ardb^ k 0 cur e mold hah which d«ftne the bhape of tlit- final e irt- lens 
One such moid assembly 39 is snown seated within a recess 130(b^ of the pallet in Figure 5. The contact lenses are 

2S formed by plactng an amount of polymertzabfe monomer or monomer mixture, generafly on the order of about 60 
m each front curve (concave) mold half 1 0seated within a pallet recess 130(b) at the filling and mold assembly apparatus 
50. The desired amount depends on the dimensions (i.e., the diameter and thickness) of the desired tens, taking into 
account the generation of by-products upon pofymerization and the exchange of water for those by-products and dilu- 
ent, if any, foffowing pofymerization. Then, the back curve (convex) moid half 30 is placed onto the poiymerizable 

30 composition 1 1 with the first and second moid hatves aligned so that their axes of rotation are coiiinear and the respec- 
tive flanges 1 8.36 a re parallel. The mold hatves are transported in an a nn ular recess 1 30{a) wh ich receives a nd su pports 
the annular Hange 18 of the front curve moid half, in addition to the recesses 130(a) and (b), the pallets 12 also have 
a plurality of oriented recesses 130(c) which receive the triangular tab portions 26 of the seated front curve mold half 
10 to provide a predefined angular position thereof. The recesses 130(a) are designed to prevent movement of the 

55 nomially seated motd hatf within each recess up to with in +/~ 0, 1 mm. The triangu lar tab 37 of the second or bacf< curve 
mold half 30 overiSes front curve tab 26 to enable a coiiinear axis of rotation with respect to the two mold hatves, if 
desired, 

[]0080] As iifustrated in Figures 7{a)-7{c), pallet 12 of the present invention is designed to ensure that a tight vacuum 
seal may be created with the surface of the paiiet during the monomer deposition and contact lens mold assembly 
phases of the production line facility. As will be explained in further detail below, blind locating bushings 129(a) and 
129(b) are located at opposite ends of the patiet 12 to enable precise positioning of the pallet within the various as- 
semblies of the production line. These locating bushings enabfe a precise registration of the pallet throughout the 
various assembties of the contact iens production facility, and, thereby assist in the alignment of a tight vacuum seal 
to be ctieated at the peripheral upper surface 140 of the pallet prior to assembling the mold halves. As shown in Figure 
4S 7(a), proximate the center of each pallet 12(a) is a unique bar code identifier 135 for handling, tracking, and quality 
control purposes. 

[0081] As further shown in Figures 7(b) and 7(c), the outer peripheral edges of the patiet 12 define a notch or inden- 
tation 28<a),(b) for engaging a complementary guide raif or shoulder for enabting precise registration of the paiiet at 
the demolding apparatus, as will be explained in greater detail below. Additionally, the paiiet 12 includes biind holes 
50 128(5) and 128(b) wherein an optic bore scope or similar viewing device may be inserted to enable real time viewing 
of the contact lens production process at the surface of the pallet. 

[0OS2] Figuie 8(a) illustrates in detatithe robotic transporting assemblies 103,104 of Figure 2 for rapidly tiansporting 
respective front cun,-e and back curve mold portions from respective injection molds lOlia) and 102^a) to respective 
pallets I2fa) anil I2(b} .A detailed description of the mold cavities of tnjecfion mold assemblies 101fa) anil I02(at may 
ss be found m the aforementioned co-p^nding contemporaneously filed case VTI\t-76 (see itern 4 on the attached Con- 
cordance). 

[0083] A detailed description of each ttansporttng as-sembly 1 03 and 104 may be found in co-pending contempora- 
neously filed case VTi^-78 ^see item 6 on the attached Concordance). 
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[0084] Oerteraljy, robotic transporting assembly 103 is provided vvith a first robotic assembiy 715 for removing front 
curve tens molcta from injection mold assembiy 101(3), ana transporting the mold to a first location: assembly 717 is 
provided for receiving tiie front curve iens molds from siiji?:?-::; ;y ' "■ jn-:: tisnsportinci the molds from the first location 

to a second location, and robotic assembly 716 is provided for receiving the front cuvje iens molds from assembiy 717 
s and transporting tbose moids from the second location to an inverting hand 738(3) of inverting assembiy 738 that 
inverts the orientation of the front curve molds carried by the robot 716 This inversion is necessary because the rolaotic 
assembiy 715 is handimg the f-^r r :r:.-.;d:-- by ;n^' n :.- •-•ox ^ i^.ie and the front curve moids must 
therefore be inverted to enable tht? non-cr-t at- =>^i?5-ice -r- -^br moii to l-? p-st^o :n the pallet 12(a) (under inverting 
hand 738(a)) that has been momentarily paused to receive tiie front curve iens molds. 
10 [0085] The rotjoftc transfer isssemblies 103,10'^ ;;rc nior-,;- n,:;;;. o^i c-^o^io with fe;>pec;i to Figufe 8(a) a% foiioyv'S Sup- 
port subassemblies 716ia),{b) of robotic assomfciy ~ ;5;a -.- f-: ms: rcnnt-cied to hands 714{a),(b) to support the hands 
and to move the hands between molds 101(a),102(a) and tiie first iocation, which preferably is directly above transfer 
platforms H ■/(3),{b) of the second robotic as.sembly 71 ■', "25 i-^ ^ sfsrsE-iy. sr;ppoFt frames "/2'?( a!,(b) are located adja- 
cent molds 101(a), 102i>) and support subassemblies 716(a)^(b) are supported on frame 724(a), (b) for sliding move- 
rs iTtent toward and away from rnolds 101(a),102(a)- As the assemblies 15[a),{b) slide along frames 724{a,!,(b), hands 
714(a),{b) move wtth the assemblies toward and away from molds 101i;a)J02(a). 

[0086] More specifically, arms /16{3 ),(b) are sitdably mounted on frames 724(aj,(b), to e>:tend out-vard from these 
frames, and are pivotally mounted on assemblies 715(3},(b) while hands 7l4{a).fb) are rigidly connected to the ouhvard 
ends of arms 71 6(a). (b; for movement therevvith. With this arrangement, arms 7 t6(a),(b) carry hands 714(a).(b) toward 

so and away from triolds 101 fa), 102(a), while allowing the hands to pivot befv,'een a substantially vertical orientation, as 
shown in Figure 8i;a), and a substantially horiaontal orientation, to deposit the mold parts on carriers 717(a),(b). 
[0087] Pfeferabiy, arms 716(a),(b) are high speed, !ow mass assemblies, and are able to move hands 714(a),(b) 
into molds 101{a),102{a), and remove articles therefrom, at a rate of once ever^.' 3 to 12 seconds, and preferably every 
6 seconds. Also, preferably the arm is constructed from a high strength, low mass material such as materia! sold under 

2S the trademark Kevlar, 

[0088] Each of the hands 7l4(a},{b) are equipped with a plurality of hoiiow cyiindtical bellows, two of which are 
illustrated on each fiand at 720{a).(b). The bellows are connected to a vacuum manifold and vacuum line for engaging 
and securing the moid parts thereto as they are ejected. 

10089] As previously mentioned, second robotic assemblies 717,728 receive articles from first robotic assemblies 
30 715(a),{b), at the first location, and transport those articles to the second location; and, generally, second robotic as- 
semblies 717,728 inciude support frames 740{a),(b), platforms 717(a),(b), and tread covered support lines 756{a),(b). 
Support frames 740{a),{t3) have the genera! shape of an elongated cube or box and extend from a position located 
directly below the above-mentioned first location to a position directiy below the above-mentioned second location. 
The top portion of frames 740(a),(b) form channels 746(a),(b) that iongitudinaliy extend between the transverse ends 
55 ofthe support frame. 

[0090] Transfer platforms 717{a},(b) are provided to receive articles from first assembly 715(a),715(b), speciflcaily 
hands 714{a),(b) thereof, and to carry those articles on support frames 740ta),<b) for sBding or rolling movement the- 
reaiong. 

[0091] The upper section of transfer platforms 717{a),{b) include or form a multitude of receptacles 766 for receiving 
and holding moid haives received from hand members 714(a),{b). Preferably, receptacles 766 on transfer platforms 
717{a),(b) are located so that when hands 714 of assemblies I5(a),15{b) are positioned directiy above transfer plat- 
forms ?42{a),(b5, each of the bellows 720 of hands 714{a),{b) are aligned with a respective one of the receptacles 726 
of platforms 717{a),{b). 

[0092] A moving means is provided to move the transfer platforms 7 1 7(a),{b) along frames 740(a).(b), and preferably 
4S the moving means includes a baii screw and motor mounted within support frames 740{a),{b) and coupled to the 
platforms 71 7ta),(b) by brackets. Treads 756{a),(b) protect and route the electrical vacuum and pneumatic support for 
the transfer platforms 717{a),(b)- The tread protectors 756(a).{b) are located adjacent support frames 740{a),{bJ and 
are supported for movement between extended and retracted positions. 

(0093] A pair of thna robotic assemblies 716.726 are illustrated and are provided to receive articles from second 
50 assemblies "17 T'^c tu ielea«ab!y hold tho<ie articles and to carry the articles to a third location. Support column 766 
(aHb) sufport'- !<.botic ts- pint lies 1 1c / ''^i for movement betxveen the second and third locations. More specifically, 
■^uppf'rt { oiumns 'Crti j i (l: i rir^ supported and extends upward between the above-mentioned second and third loca- 
tions First arms """Uta^ 'b) ot rf^botic assemblies 7i6 72b are supported by support columns 766(a).{b} for pivotal 
hiOx'einent ^nd this fiista!m<»,^tfnds outward from the support column; and second arms 772(a),(b) are supported by 
fust iriiis '"tJtat (bt f >r okcI i! rnovthiont on one end of atms 772(a), (b) and extend outward therefrom. 
[0094] Preferably, a thira vertical arm is provided for each robotic assembly that is extensible, and this arm is extended 
and retracted to lower ana raise hands / /6{a).(b) indicated by dotted lines in Figure 6(a) Any suitable means may be 
usi5d to extend and to retract the third arm. and. for instance, a hydraulic cylinder or screw motor may be mounted in 
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the robotic assembly, with hands 776(a),{b) connected to a lower end of the hydrauHc cylinder or screw motor. 
[0095] Hands 7'76(a),{b) are provided for receiving and reieasabiy holding the mold iialvea, and preferably these 
hands also include a plurality of bellows for gripping the moid halves. 

[0096] In the operation of the robotic assemblies ~ IS. 725 srnis are pivoted about column 766(a),ib) and 

s arms ?72{a),(b) are pivoted on arms 770(a),5b) to the position shown tn Figure 8(a), where the arms and hands 776 
{a),(b) are directly above the second extended position of transfer platforms ZlZfaj.fb) Hands 776(a),(b) are then 
lowered toward or into engagement with transfer platfofms 71 7(3},tb'! and the mold halves are transferred from transfer 
platforms 717(a),ib) to hands 776(a),{b) and the hands are then raised, clearing the hands from the transfer platforms 
717(a),{b). Arms 770{a),(b) are then pivoted about columns 756(3} (b), clockwise as viewed in Figure 8(a). and, simul- 

10 faneously, arms 772{aj,(b} ate pivoted on amis 770(a},ibi counteroiockwise as viewed m Figure 8(a), until hands 716 
{a),(b) afe located directly above the position at which Vne moid halves are to be deposited. The vertical arms mounted 
on the second arms 772{a),(b) are then extended to lower hands 776(a),{b), and the mold halves may be transferred 
from hand 776(a) to pallet 738(3) of inverter 738 or from hand 776(b) directly on a paliet 12(b) carried on conveyor 29. 
[0097] To elaborate, when robotic transport assemoiy ICS cai'-ies ^T-oid halves, preferably all physical contact be- 

J5 txveen the elements of robotic assembly 103 and the mold half is on the sides of the mold that are opposite the optica! 
surfaces of those mold sections. In this way there is no physica: contact between any part ot robotic assembly 103 
and the surfaces of the mold that directly engage the hyoropr^ik: niaterisi ;.;sed to form the contact iens molded beteeen 
the mold halves. Thus, when assembly 103 carnes moid haif away from injection moid I01(a}, the mold half is inverted, 
while when assembly 104 carries a mold half avvay from injection mold 102(a), the moid is in its position and ready for 

so deposit on a earner pallet. Thus, when robotic assen-ibiy 103 carries moid halves away from irijection mold 101(a), the 
mold half is not in the proper otientation for transfer to paliet 12(a), and the mold half must be inverted in ordef to onenl 
it properly for transfer to pallet 12(3), The preferred embodiment of inverter assembly 738 is provided to do this. 
[0098] As mentioned above, inverter assembly 738 includes hand 738(3} and support subassembly 786 Preferably, 
hand 738(3} includes a base and bellows to receive mold halves from the third robotic assembiy 716, specifically hands 

2S 776(a) thereof, and to hofd those articfes whiie they are inverted for transfer to pallet 12(a). 

[0099] Support subassembly 786 is provided to move hand 738(a) of assembiy 738 between third and fourth loca- 
tions, and in the pretended embodiment, support subassembly 786 is used to pivot and to reciprocate hand 738(a), 
With the embodiment of subassembiy 738 illustrated in the drawings, arm 794 extends outward from subassembly 
786, and hand 738(a) is rigidly connected to an outward or second end of ami 794 for pivotal movement therewith. 

30 Preferably, hand 738(a) is pivoted substantially 180*, from a position in which the beiiows on the hand extend directty 
upward to a position In which these beiiows extend directly downward. After receipt of the moid halves from hand 776 
(a), the inverter assembly 738 reciprocates hand 738(a) downwardly and then releases the mold halves onto a pallet 
12(a} that has been temporarily paused by clamping means 19(a), 19(b) as wiii hereinafter be expiained. 
[0100] Each of the paliets is momentaiiiy paused on conveyor beits 27,29 at the time of transfer of the molds, in the 

35 preferred embodiment shown in Figure 8(a), and m eievation in Figure 6, a clamping mechanism 19 comprising a pair 
of ciamping jaws 19{a).(b) are located at opposite sides of the conveyor 27 to timeiy clamp an empty pallet 12(a) and 
hait the motion so that the front curve mold halves may be positioned on the paliet by inverting head 738(a), while a 
pair of clamping jaws 20(a),(b) are iocated to timely clamp an empty pailet 12(b) to halt its motion on conveyor 29 while 
the baci< curve moid halves are positioned on the pailet by robot assembiy 726, 

4Q [0101] The front and back curve mold haives are aiso transfen-ed from their respective injection moid assemblies 
101 (a), 102(a) to a low oxygen, and preferably, a nitrogen environment maintained around portions of the front curve 
conveyor 27, back curve conveyor 29, and a sequencing conveyor 32 by housing 24, This inert environment is accom- 
plished by enclosing each conveyor in an atmosphere of pressurized nitrogen gas. As will be expiained beiow, the 
handling of the paliets and the contact iens moid assemblies throughout the various stations of the production line 

4S iiacility are conducted in an inert, and preferably a nitrogen gas to provide a low oxygen environment for all of the 
component pars prior to poiymerization. While it is possibie to enclose injection mold assemblies 101(a).102{a) and 
robotic transport assembiies 103,104 within a nitrogen enclosure, it has been found that ihe use of the high speed 
robotic assembiies illustrated in Figure 8(a}, a transfer can be accompiished in under 15 seconds, with a mold cycle 
time of 6 seconds The 15 second exposure to atmospheric oxygen requires only a 3 minute residence time under 

50 to degas O; adsorbed during the 1 Z seconds, A 3 minute buffer on sequencing conveyor 32 siso ensures an adequate 
suppiv of molds for the assembly line Opening the injection mold devices lOlfat.lO^fat to atmospbeiic cooling alle- 
viates substantial cooling problems that would otherv.?iS8 be encountered by running the molding machines in an en- 
closed environment 

[0102] The Dp^'tation of the clamping nwchanisms 19 and 20 will now be described in view of Figure 6 II should be 
mentioned that the operation of all cijmpmg mechanisms hereinafter disclosed, is essentially the same as the foiiowing 
description of the preferred embodiment Specifically, the clamping mechanism 19 consists of one or more pneumatic 
cylinders 21 that operates to push lower ends 44(a),(b) of clamping jaws 19(a).ib) so the jaws pivot about associated 
clamping shafts 42(a),ib) to close in and enable respective fixed clamping blocks 19(c),{dj to grip pailet 12(a) (shown 
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tn - - - f=tqiiret->itr<3ti-.pc>*'^ " - * -e j<3 ss 19(a) tb) As sttustrated m the Figure 6 the 
l='irtf(M^ (-^ ^ wd}otH mpimj ^ t bove and at opposite tde of the f^onveyor2/ 

while the pneumatic cylinder 21 fs mounted below the conveyor 2 . 

[0103]| Tc transport the pallet c (nsucplyco £, ^ ■> s i art c me^itT- in th( fotmnt nutudrkcn 

s S eit« one of shich is fiiustratefi m cio^ -^cttun > = a e ^ hivn t e -strong «;nouQh to <^ upport Ilet5> 12 

:t Mb 1 ^'ipf. lied the sequent ifK ipf jtc - - ' - ^ " b) drn u i -3 ft ts- 3 'ind-^rsidH tiori 138 

tf i^dt'i pdlitt 12(di (b) rrwy te to itc ^ ~' ' ^-nabio '^ltdtnj of the pdlleW hen betnct h-^ld 

ho e a moving belt bydampmc! jas"*, ■" <- -ii-^^-a t certain proce<^ i no lof^ation of the plant 

[0104] The [./dllf^t convevorb " /lanD " - ^ or esrh of th<> motoi dn en b»lt<^ Tht m t c diivy 

M m ^jn< U corucjct "'ensblc^thc trsn'-f . ' ■. . >c f [. sllet . >(bU ifr>tri 5 r < pedi e tr mt 

jtndfcKl o hris ni Id purti'^n'^ ti. t-'- - t ' idn p^fltd =it d pr^f ^rrtd r<3tp nt ipp^■)^tnl<=tt ly ^0 
mnV-fC until thev are a^-emhleQ for j. - - - - - ^ '^biy'dppdnatu'- JO In a ^^iiTtilarfa^hKn '•uit=ible 

motoi 3r! e le^psLtiVt^coEweyc = ^ ^ ^jj^^ 1 "(a) 12ib) othatthe/ate^motthli, 

and unifcimlv trun&ported at a ^ until th-^ir motion is tetminat^d at tn*^ t^nd 

J5 of ea' h i^'^nvexor tor sequennng \- It ^.e -\ d - - - 3 l.^io^i> Additif^nally idler ioiif='i<; and ten'^ioner 

lollei ma/ L<» prj lied for c(djii«ting the tf^n ion (. ' -^-■> c ^^yr^lf ^'^ and 

[0105] M}L»e -I (llLtbttatp'- d f^r s t- tfonal fr s ^ ^-^or 3'^<;■^mbl/ hov n tanking a Odliet 1 i=ion 

con 'eyor belt-} ti It ii under tood that the msv of Figure 6 may appi t an^ ofthe therab vf> d»«cribed ccn ^v^^r" 
2y and ^2 carrying pallets. 

20 [0106] Fi(.iif<. ><.f lilliJ'~tt<Jte-,thes<'quen(»iqdppatatus40(d8mdtkf dbydotfod lint inFigutt 8(-i jofpiiltf ^Vitem 
time I ing u< xit h t.ro'=.< uj-htr ri r |,o<-ilion a pailtt 12fr ) fiom (.or.vt vt 1 2" luontaining ftc nt cur c tntactlens 
meld pcitn.i<-i notto =5 pallft llib frcni ^Uf.piv con\,c n ng bacK cur\/e f-cnt a len" n old pcrltonst for 

coii\t\tn<. slouq th tr-qu.-n tng <.on%ti<. 1 1? ~ e q ^-^v. c5 ^p- ^tu" ^0 1 k "attd at tht: uid < f t n I uppiv 
conveyor 2"^ 29 tind compri&es! a fust atm 141 and second arm 14"" foi imulfancou Iv pushinq p jlli^f fttm tespective 

2S supply conveyors 27 and 29 aiong track 143 for entry into the main sequencing conveyor 32. .As illustrated in Figure 
8(a), the first arm 141 and second ami 142 are mounted in paraitei on mounting means 145 that is slidabie along tracl< 
147 in both dtrecttons as indicated by the double arrow in Figure 8(a). A (ifting means, which may be pneumattcaiiy 
operated, is provided for raising and lowering the first and second arms 141,142 in a vertical direction above the pfane 
of a horizontaiiy positioned paliet, as will be expfained in further detaif beiow, Wiiie the arms 141,142 are in a raised 

30 position , {he mounting means 1 45 remains sfidable aiong traci< 147 so tiiat the first and second arms may be retracted 
while in their raised position and subsequentiy towered after reaching their original positions. 
[01071 In a first step of the sequencing process, the forward motion of a pallet 12(a) from conveyor 27 is terminated 
at a ffrst position "A", just forward of the first arm 141, as shown in Figure 8(a). Forward motion of the paiiet 12(a) is 
terminated by a pair of upstream clamping jaws 146{a),(b), that, in a timed fashion, open and ciose to let one paiiet 

35 align with the first pusher ami 1 41 of the double pusher. When jaws 146(a),(b) are cfosed, forward motion of the pallet 
is temiinated and a plurality of pallets wiii accumulate behind the clamped pallet. At the appropriate time, one pallet 
may be released by opening the clamping jaws 1 46(a), (b) so that the forward motion of the accumulating pallets on 
conveyor 27 will push the first lead pallet to a second position indicated as "B" in Figure 8(a), also in alignment with 
tfje first pusher arm 141 . The jaws 146(a),(b) may be immediately closed to clamp the next of the accumulated pallets 

40 to prevent their forward motion. The opening and closing of the clamping jaws 146(a},(b) may be approptiately timed 
to enabie pallets to be sequentially input to the pusher in an orderly fiashion, 

£01083 After appropriate sensing, and, as controlled by a computer or a programmable logic controller, the arms 
141,142 of double cross pusher 40 are caused to slide aiong traci< 147 in the first direction from S to S' indicated by 
the double headed arrow S - S' In Figure 8(a) so that first arm 141 pushes pallet 12(a) to a second position that is 
4S located Just forward of second arm 142 position and indicated by arrow "C" in Figure 8(a), It Is understood that during 
initiafization of the sequencer, the second ami 142 did not push a paiiet since none were positioned for movement in 
front of second arm. The lifting means is then commanded to raise the first and second arms 141,142 so that the 
mounting means and the amis may be retracted aiong track 1 47 and subsequently lowered back attheir originai position 
as shown in Figure 8(a). 

50 [0109] The following d^scripfion demarcates where steady state sequencing operations begin % shown m Figure 
8(a), after retracting first and second arms 141 ,142 to their original position, or, preferably, while the artns are in their 
laised position while being retiacted, a new pallet 12(a) carrying front curve tens mold portions ftom conveyor 2''" is 
positioned at the vacated first position (indicated by arrow "A"; in the manner descnbed abo\e Simultaneously there- 
with, the forward motion of a pallet 12(b) carrying back curve contact lens mold portions from back cuive supply con- 

ss ve;,of 29 is temiinated at a position "D" as indicated in Fsoure 8(a) Ttie ptocess for aligning a pallet 12ib> canning 
back cu^^/e lens mold portions at position B is essentially simiiar as described above with respect to pallet 12(ai In a 
timed manner clamping javv'S 149(ai,(b) close to clamp pallet 12ib). while the other pallets on conveyor 29 accumulate 
behind the clamped paiiet. The jaws 149{a!,(b) are subsequently opened to release the pallet so that the motion of the 
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convey or 29 pushes the pallet 12(b) in a hgn mentis - s=c.-j pusher arm 142 Theiavv^j U}?tai(b)dreimmecfiatety 
closed to ctamp the next of the accumulated pallets to crevent its foiward motion. Pallet 12(b) carrying back curve 
contact lens mold portions is now positioned at' D' immeofateiv adjacent ttie previously posittoneo pallet 12(a) from 
the initial step iitiigted =it position ' C" o'lth both in dln'n^x '^t v tt^ {he b>^cond arm 142 -iftet appiopnate sensing th^^ 

5 arms 141 141. of the double cross pushei 'tO 3re ^ga c^-se-s tc i'loe alony ttat^k \A7 ttom their onginal position in 
ths:- dnedton indKdlf-d by thf- dout ie iieto-^c 'v- - ; y'r^- < ^4''\ pu-Jn-^^ a pi - ^ru k the- i,ec on i pt.'jition 
("C") and the second arm 142 pushes tiie pair ot pallets 12(3 1, 12(d) from second position \, and D ' to a third position 
indicated b) "E" in Figure 8(3) Finalh ■"-<=^ a "s ra.seo so that "-t ' ^ -^^ans 145 and the 

anns mav he i-itiacted along trrfck I47ar,) ov.^-js:: ^ nal position While the fiiiit and sietond arms 141 14^ 

fo .ifc t cincj rcticKtcci a n'='\v set of paiic ts .if), n\i loa jed &! meir respective positions Specifically, a pallet 12(a) ts 
[oad-xf 'il position indirattd <3t. "B" (Figuit- S(b)) and ?i pjliet i2{b) fs loaded at position indicated as "D" adjacent the 
previously positioned pallet 12(a) and the sequence is repeated. 

[0110] While the nt- set of pallt-ts ctrt- teiny loadt-Q 3" f"^ e-c^y i^- ' - ' --ht-t arm I'M opt-'r ible 

by pneumatic driving means 148 is activated to push the adjacently situated oair of pallets 12(a}, 12(bj in the direction 
15 indicated by arrow "F" in Figure 8(a), for engagement ^vttti the drive belt 44(a; ot sequencing conveyor in steady 
state operation, the sequence of events described above is repeated so that pairs of pallets 12(a), 12{fa) are sequentially 
transported along sequencing conveyor 32 to the filling and moid assembly stations of the contact iens production 
facility. 

[0111] The paired sets of pallets 12{a),12{b) carrying respective front curve and back curve lens molds reach a 
so second sequencing apparatus 52 (iliustrated in Figure 8{b)) where their forward motion is diverted for input to the fifling 

apparatus 50, 

(01123 Figure 8(b), which is a continuation of Figure 8(3), illustrates the precision pallet handling apparatus 55 for 
transferring pallets from sequencing conveyor 32 to the filling apparatus 50. Specificaliy, the motion of each pallet 12 
(a},(b) carrying respective lens mold halves is terminated by a pair of upstream clamping jaws 153(a) and 153(b), in 

2S the manner as described above, at position indicated as "C" in front of pusher 154(a) of ram 154. When the motion of 
the first pallet is halted, the alternating series of pallets 12{a),{b) accumulate therebehtnd. The jaws 153(a),(b) are 
opened to ensbie one pallet, for e.g., pallet 12(b) carrying back curve lens mold halves, to align with pusher 154(8) of 
ram 154. Then, pusher 154(a) which in the preferred embodiment is driven by pneumatic cylinder unit 154, is timely 
activated to push the pallet 12(b) along slide plate 32(3) for a distance equivalent to the length of the pallet in the 

30 direction indicated by arrow "H". This process is repeated to bring a pallet 1 2{a) into engagement with pallet 1 2( b) and 
both are advanced in the direction of arrow "J" and to a position in alignment wrth ram head 157(a) of ram 157. The 
ram 157, which is servo motor driven is timely activated to first push the paiiet 12{b) along track 32(b) in the direction 
indicated by arrow "J" for a distance approximateiy equal to the width of the pallet* 0.1 mm. This sequence is then 
repeated with paiiet 12(a). This sequence of events herein described is continuously repeated to push a row of pallets 

35 and enable precision registration of pallets 12(b) and 12(a) when they aiternately enter filling and dosing apparatus 53 
of filitng/mold assembly station 50. 

4S [0113] The fiiling and assembly station, indicated generaiiy at 50 in Figures 2 and S(b} includes three separate sta- 
tions, including a filling station 53, further described and illustrated in Figures 10(a), 11 and 15; a surfactant appfication 
station 64, lifustrated and described with respect to Figures 10{b) and 12; and an assembly station 55, iflustrated and 
described with respect to Figures 10(c), 10(d), 13, 14(a). 14(b) and 16. 

p)1143 As described briefly above and in further view of Figures 10(a) and 11 , a predetermined amount of the de- 
45 gassed monomer or monomer mixture 11 Is deposited in a front curve mold half 10 by means of a precision dosing 
nozzle 242, which is part of the dosing or fiiling apparatus 53 of station 50, The monomer may be dosed In each of the 
front curve mold halves, carried in the alternating pailets, under vacuum to avoid the possibility of entrapping any 
gasses between the monomer and the front curve mold haif. The polymerizabfe monomer mixture is first degassed, 
as described previously, to insure that dissolved gasses are not present in the monomertnasmuch as dissolved gasses 
50 may welt form bubbles as the monomer is released from the nalstively high pressure of the dosing nozzle 242 to inert 
atmospheric. or vacuum conditions surrounding the front curve mold half 1 0. Additionally the oxygen content of the 
monomer solution is monitored prior to discharge in the front cuive mold cavities. 

[0115] Each of the no;:2les "A^ includes a teflon dosing tip with an OD of approximately 070" and an l.D. of 
apprj<tmcttolv 040 tdch iip is cut Ji appioxunately a 45-^ angle and li. positioned to be catnsd within b mm of the 
ss hoitzontfii tangent of the front curve 31 surface 15 at the time of dosing. 

[0116] As tne monomer or monomer mixture is dosed it pools upwardly around the tip as illustrateo m Figure 1 1(a) 
bt. thdtthf angle ot the tip ii: covered When ttte manifold assembly 251 is reciprocated up' vat oly tli<; p<.ol ot monomer 
wicks the nozzle tip. and draws any excess on the tip. This wicking action increases the accuracy of the dose, it pulls 
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off potential drops of monomer and it avoids any agitation c.f tne ;T^cnc:Tsr that might result in bubble formation, 
[0117] If drops of monomer form on ttie tip, there is the p.:i5? :G:::ty of contamination of a passing pallet or the dosmg 
station form an InsdYertent drop, individual drops, of monon:;:: ivir: ■,v::-,;n de^posfted into a moid cavity, or on top of 
the monomer pool, have been found to generate ?, ■s>: ed ' s:t:: -or 3 gas bubble. By wicl<ing the tip with the monomer 

s pool, this possibility is substanttaily eliminated, 

[01 IS] In the prsifsirred embodiment of the ir-ve^-^cr-: :-;p[:.;-ox;;--:rit&!y 60 ui of polyrneri^cable monomer or monomer 
mixture is deposited in the front curve moid half to insure that the mold cavity is overdosed to avoid the possibility of 
incomplete molding. The excess monomer is removed from the mold cavity in the final step of the demoiding of the 
front and back curve mold halves as an excess HF.MA r:r:o as ne hereinafter descnbed (When hydro>-yethylmeth- 

10 ac;rylate is tjsed, the e>t:ess monomer is lefer-reti ;o an a ivFiWA r:rig). 

[0119] At station 53, as illustrated in Figure 11. a pki-ai^ty or rr^oriomer supply lines 241 are coupled to associated 
discharge nozzles 242, two of which are illustrated in Figure 11 which are suspended directly overthe path of the pallet 
12(31 and the individual front curve molds 10. The dosing or filling station 53 inc:iijdes a manifold block 251 for receiving 
each of the monomer discharge nozzles 242 and a vacuum sea! 252 which may be used to cooperate with the outer 

J5 perimeter 140 of pallet 12(a) to provide a sealed enclosure that may be evacuated with a vacuum pump so that the 
deposition of the monomer occui's in a vacuum, if desired. The rnanifoid hlock assembly 251 reciprocates with respect 
to a fixed platform 253 on a pair of tubes or cylinders 254; a) 2S4{b; as will be hereinafter described with respect to 
Figure 15. The dosing module 53 also includes a pair of bore scope tubes 255, 256 which enable inspection of the 
mononter dosing, if desired, through an optic bore scope 200. ss illustrated in Figure 15 

so [0120] As illustrated in Figuie 15, the entire deposition rT\:iOu:e 53 is reciprocated vertically v^ifh respect to a fixed 
support frame 252 and 254 by rneans of a short stroke pnoi.imatio cylinder 265 mounted between frame 262 and drive 
rod 283(a) of pneumatic cylinder 263 which is fixably mounted to fixed frame 264, Vacuum is supplied through the 
filling or dosing station through manifold 266 and vacuum ime 267 to an interior manifold 268 formed in one of the tivo 
reciprocating support tubes 254(a), 254(b) The tubes or cylinders 254(a), 254(b) reciprocate with fixed guide tubes 

2S 257,258, A vacuum plenum is also formed in the manifofd block 251 by means of bore holes 269 and 269(a) which 
provide vacuum communication bet^ween the vacuum manifold 266 and the Snterior of the dosing station 53 defined by 
perimeter sea f 252 and the pallet 12(a). 

10121] An optic bore scope 200 is iikistrated in Figure 1 5 with an optic probe 201 extending down into the blind holes 
128{a),{b) of paflet 12(a) and manifold bfock 251 , A dummy or bftnd 202 is installed in the other bore scope tube 256 

30 to sea! access into the interior vacuum pfenum of the assembfy station 53 when a bore scope is not in use. 

[0122] In operation, a pallet 12(a) is advanced Into the dosiog station 53 by means of the material handling ram 157 
previously discussed with respect to Figure 8{b), Once in position, the manifold assembly 261 Is reciprocated down- 
wardly by means of pneumatic cylinder 265. If vacuum dosing is desired, when the vacuum seal 252 on the manifold 
assembly 251 engages the palfet 12{a), the sensor assembly 265 may be triggered, thereby opening a vaive to draw 

55 a vacuum in manifold 266, vacuum line 267, manifold 268 and plenum 269, 269(a). It shoufd be noted *at a vacuum 
is not required for fliiing or dosing of the mold cavities, but does avoid the possibility of gas being trapped between 
the monomer and the front curve mold half. It should also be noted that the ambient atmosphere surrounding pallet 12 
(a) is a fow oxygen Ng environment and evacuation of the chamber is an evacuation of the Ng gas. Alter vacuum has 
been established within the dosing chamber, pumps 440 {illustrated in Figure 9) are actuated to deliver a precise dose 
of 60 i^l to each of the mold cavities 1 0 illustrated in Figure 1 0{a) and 11 . 

[0123] After the monomer has been dosed into the Individual mold cavities, the vacuum is broken in manifold 266 
and the manifold assembly 251 is reciprocated upwardly by pneumatic drive means 265 to draw dosing nozzle 242 
out of the monomer pool 11 and allow transport of the pallet 12(a) to the apparatus 54 which coats the mold flange 18 
with a mold release surfactant. Pneumatic cylinder 263 may be used to lift the assembly manifold 251 to a high service 
4S position for cleaning and sen/icing. 

[0124] As illustrated m Figuie 12 a surfactant ts applied to the moid flange 18 by a stamping station 54 includes a 
50 tiame itiudiire '22 having a support member or base 224 on which there are pos^ttioneJ a piuialtty of spaced upright 
ouid>=' c jiuinns Th-^^i c jluirai'; have slide membeis 228 thereon for supporting c jmponent'- foi 3 it impini^ station 
M so as to he verticalh, dispLc-^abi-^ along the gufde members The stamping station 54 is mounteo U-i vertical re :ip- 
rocatiun i3ro \i mate the upper end ufthe columns tnrough f-he -teri^iediary of suitable guide bushings 134 and the slide 
mt.mbers22fi f'nd\^ht.leln tho v< niCdl displact-mpfit is tmpternented through suitabN actuatini.; or dri\o unit 2 3; which 
ss ts not oe-^iciibod in furtrn'^r di-^taii hur-^in ano 'vhich if desired, may be operatod from a suit ibio control and -^lensor unit 
236 on base 224. 

[0125] i he st=impiny ^.tation 54 intlud^-s mounted thereon a plurality of stamps 2j8 e=i.Si .^ioaotto to bn m<. vto in 
vertical reciprocatory movement \n a coordinated manner tn conjunction with the stamping station 54. wherein the 
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niimtn^'r of = tc-* - > ^ * - - ^ - ^tec^ in the moid depressions 130tb» formed 

ti 1 tl 1*^ n lOkl J, - ~ ^ ut 90% Ui ethane and 10% Silicone in at least 

th port! >ns tn ft^fv^'i i ont curves 10 on the moid pallet 12id) 

[0126] A-i3ctc3 to he positu nt 1 - c - = et end of oach stamp 238 of thf* stamping 

s station \ I len the latter Hi H3i<^e< - - - pad member 240 The pad member 240 i<i 

t j'^kaitv cushtt whKhis i.n^ttijtpt. jf j >^ jit^bi'^ k nutfrt ^1 « h -^^ pt >u;;fo!vet s nehjisim n ^si^td:ie 
10mto(on porfit^t^ ^ri-' - - ■■ - ' in ly fc-^pif'v!:' nl 

tn a hi hK concentr^ti-- s*3* ~ - < i a b=i ^4Ui3J 

consisting of a iiquid-impeivtous material The upper surtaoe of the pad member 240 is covered by a filter 244. preferably 

to of nyton. havina a mesh size of 1.2 microns so 3a to act as a metering device and atlovvoniy feiativeiy small quantttv 
It surfaJ jnt tt pa tht rt^thrnugh 3^ thi-^mtftKiT - < i fh M)o{toni cf tht pd munht-r 240 to tht top nptn 
the pad tnfnib(-i being pre ijingl/contaitr-d by tt i- ^^ a - r. «. t mpmn hend-- .2 d-- rte^ciibeci heiembelov 
[0127] Tnp tamping Odd memi ei tut upc ^ 3 z '"+3 '^atlf- nru e tut ture 24 ) v huh i >pet 
able ai a preaetermtned elevation befowthe lower ends of tne stamps 238. so as to be hortzontallv movable tnto oosttion 

J5 fcp'loo thfe tamps 238 bet\ pen th« upnght gutd*^ vC j^" 2^- - nativfeiy mr^s^d <^ut\ ard! thf^'teot vshen n<^t 
nee eJ 1 he honzuntal hiftin mutton ma> be impartf^c *e » * a'»-_4!dnd r« ultin Iv* t the pg m<»mbf^r 24' 
bv tiieans of a suitable actuatina cyltnaer which is operaiiveiv connecieo wtth the carriage 241. 
[0128] Theforeo in carnage 2t1 is located at an elevati n or "^t abc\e the m Id iiet track 22" alonovshich 
mold Odllf^ts 12(3 ^ ot !2tb) are adapted to be sequentially advancf^j in^o ' L^^kw tlit; btamptnq station 5>i tn 

as (jici< 1 1 1 TMbl^ the sE jrnps '^j^Q fo apply a thin film or coating of buf3 -< " ^ > 1^5 A, of thi front ( uives 10 

p sittoned th&rfeon biforfe being transported further tn connection with lhf> fuimtng r>f the torit'ict if^nses 

OPERATION OF THE SURFACTANT APPARATUS 

2S [0129] in order to facilitate the deposition of a thin fiim layer of surfactant onto the surfaces 18 of the front curves 10 
on the tnoid pallet 1 2{a) which has been positioned beiow the stamping station 53, the stamping station is nnaintained 
in a fully raised position on guide columns 226. This is impiemented by means of a lifting cylinder 237 acting on slide 
members 228 verticaily movable along the guide columns 226. The extent of vertical movement may be controlled by 
a suitable control and sensor arrangement 236, The pad member 240 is interposed in spaced vertical relationship 

30 between a pallet 12(a) and the iowsr ends of the stamps 238 on the stamping station 53. The interposition of the pad 
member 240 is carried out by shifting the carriage 241 horizontally so as to locate the pad member 240 beneath the 
stamps 238. Thereafter, the stamping station 230 Is actuated so as to cause the stamps 238 to be d Isplaced downwardly 
into contact with the upper surface of the filter 244 on the pad member 240, wiiereby a small amount of surfactant is 
expsffed upwardfy through the nyion filter 244 to coat the lower downwardly facing surface of each stamp 236, forming 

55 a thin layer or coating of the surfactant thereon. 

[0130] The surfactant with which the pad member 240 is impregnated may be a solution with an almost 100% con- 
centrated strength of surfactant dispersed therein so as to enable forming a layer thereof on the therewith contacting 
surfaces of the stamps 238. Preferably, the surfactant is constituted of Tween 80 {registered trademaric); i.e. a Poiys- 
orbate 80, This is basicaffy polyethylene oxide sorbitan mono-ofeate or the like equivalent, and consists of an oieate 

40 ester of sorbitol and its anhydrides copolymerized with approximately 20 moies of ethylene oxide for each mole of 
sorbitol and sorbitol anhydrides, 

[01313 In order to ensure that a uniform layer or very thin film of the surfactant is deposited on the surfaces 1 8 of 
each ofthe front curves 10 which are located on the moid pallet 12(a), each stamp 238 is individually resiliently mounted 
through the provision of a suitable biasing spring 245, prsfsrabiy such as encompassing coii springs which ane sup- 

4S ported In the stamping station 54, ensuring that notwithstanding manufacturing tolerances, a uniform pressure will be 
subsequently exerted by the stamps against all contacting fianges 18 on the front curves 10 which are located on the 
mold paiiet Thereafter, upon the surfactant being wicked up through the pad, expelled through the nyion filter 244 and 
deposited on the lower surface of each stamp 238, the stamping station 54 and stamps 238 are raised vertically, and 
the stamping pad member 240 with its carriage 241 is moved horizontaliy out of the stamping station from its position 

50 between the guide OQtutrtns 226. thereby opening the space between the stamps 238 and the therewith aligned front 
cuives. 1 Ci on mold paiiet 1 2(a), T hereafter, the stamping station 64 is again shifted downwardly along the vertical giJide 
coii.tmns 226 until the stamps 238 have their surfactant-wetted lower end surfaces contact the surfaces 18 on the front 
cut^,'es 10, thereby depositing a thin layer or film of the surfactant thereon, with such layer being at a uniform fhicl<ness 
on each fi'spac tive ftont curvi' surtace 18 due to the resilient biasing forces being exerted by each of the spnngs 245 

ss acting on the individual stamps 238 

[0132] Thereafter, the stamping station 54 is again moved vertically upwardK along gtiioe coluinns '22o and a sub- 
sequent molding pallet 12(b) mounting backcurv/es 30 is advanced through the starnping station ofthe app=ii3tus This 
time period enables stamps 238 to be recoated with surfactant from the shifting stamp pad member 240. 
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[0133] The mowing pallet 12(a) which has the vcn; c.-.-^ ju-ace t^preon already treated with the surfactant is 
ad\ anced out of the stamping station so as to be r\=t^-c: / ;n c as- :., \-js 30 The process may then be repeated with 
thij SLibsijquentiy introduced front curves 10 on t"^:iG c-.: -t^ "2 a ■^>= same continuous manner 
[0134] The foregoing structure: enables the depc 3 : c cr'Gt'-:!^ s^.o uniform layer or film of ths? surfactant onto specified 
s surfaces 18 of the front curves 10 so as to enable €-3S;-:.' sjrse:,,ent ieparatton of the base curves 30 thereftom and 
refriova! of the i-lE:.MA--l;)ased ring niatenal wttti the t)a(* curve 30. This avoicJs the step of mantjaffy removing the 
remnants of the i iEMA rings, excessed during the molding of the hydrophific poiynner contact fenses. and avoids con- 
tamination of the final package or the productior^ line equipment that resufts from inadvertent error inherent in manual 
operations. 

10 [0135] .As tikistrrsted in Figure 5. a complimsntisty p<)ir of front 10 :-3rid bacM 30 cufve mold halvs:s define the moid 
cavity and the shape of the final desired lens 8. .After the dosing step in the fiiiing apparatus 53, in which the front 
concave mold half 10 is substantially filled with a polymerization mixture 11 , the concave front mold half 10 is covered 
with the back curve mold half 30 under a vac uuir^ to ensure -h a: r-.o 3:r c-ijbt ies are trapped tietween the mold halves 
The baci< curve mold half is then brought to resi or, tne c^JCL^r^iferentia: ecioe -4 of the concave front moid half to sever 
the incipient lens from the excess monomer, to ensure tiiat the resultant lenses are properly aligned and withoift dis- 
tortion, and to form a mold assembly 3S which includes ooth sr,old halves and the incipient lens 101 The provision of 
tabs 26 and 37 extending ficm respective sides of each fro.nt and back curve moid halves are preferably positioned 
one over the other as shov/n m Figure 5 during the mold assembly, to facilitate handling thereof, and to facilitate the 
prying apart of the halves after the poiymehzatton. The tabs may also be used to provide torric orientation of the tens, 

so since the orientation of tab 26 on the front cutve moid haif is fixed by recess 1 30{c), v.'tiilethe tab 37 may foe sufosequentiy 
aligned to provide torhc differentiation in the optical characteristics of the lens, 

[0136]! The excess monomer or monomer mixture displaced from tiie mold cavity 101 forms a HEMA ring 13, which 
preferentially adiiei es to the underside of flange 36 of back curve mold haif 30 by reason of the surfactant coating on 
flange 18 of the front curve mold haif 10. 

2S 

MOLD ASSEMBLY APPARATUS 

[01373 The operation of the assembly station ofthe present invention wiil be expfained with reference to Figures 10 
(c), I0{d), 13, I4{a), 14(b) and 16 wherein Figure 14(a) represents an external elevation view ofthe assembly module 
30 55 and Figure 14(b) represents a partially cross-sectioned view ofthe assembly moduie 55 that is sectioned along two 
separate axes from section line A - A' for the purposes of illustration, 

[0138] The assembly of the mold halves is also described in the chart illustrated in Figure 13 in which the position 
of a reciprocating assembly piston 271 is plotted as a function of time. As illustrated at the zero start point, the recip- 
rocating piston 271 begins to descend for the back curve pick up, and reaches and secures the back curve 30 in 

35 approximately 0.25 seconds. The piston 271 is then reciprocated upwardly to its upper position 14 mm above pallet 
12(b) in approximateiy 0.25 seconds. Then, the pallets are advanced wherein the back curve mold haif pallet 126 is 
removed and the front curve moid half pallet 12(a) is inserted, which transfer takes approximately 0.5 seconds. While 
the pallets are being transferred, a vacuum chamber begins its descent towards the front curve mold pallet 12(a) and 
contacts the moid pallet to estabfisti a seal between the chamber and the palfet as wili be hereinafter more fiflly de- 
scribed with respect to Figure 1 Mb) A seal is established at approximately 1 .25 seconds after the zero point and the 
nitrogen in the chamber is then evacuated until a vacuum equilibrium is reached at approximately 1 ,75 seconds. 
£01393 tt should be noted that the reciprocating piston 271 is carried within the vacuum chamber so that as the 
vacuum chamber descends and seals to the pailet, the reciprocating piston 271 and the back curve moid half 30 have 
been partially lowered to approximately 6 mm above the front curve mold half. At 1.75 seconds, the reciprocating piston 

4S 271 begins independent downward travel and contacts the pool of monomer 1 1 at af^roxi mately 2, 5 seconds after the 
zero point. Downward travel ofthe reciprocating piston continues and at approximately 3 seconds, the back curve mold 
haif is firmly seated on the parting edge 14 ofthe front curve moid half indicating formal assembly Shortly thereafter, 
the vacuum In vacuum passageway 294 is broken, but the reciprocating piston 271 maintains a downward force on 
the back curve moid haif whiie the remainder of the assembly module continues a downward travel to thereby establish 

50 an independent floating damping ofthe back curve mold haif 30 against the porting edge 14 of front curx^e mold half 
10 As Witt be hereinafter explained, this clamping or "over travel" step is optfona! At approximately 3 4 seconds, the 
vacuum is bro!<en in the vacuum chamber surrounding the mold assemblies and at approximately 4 4 seconds the 
reciprocating piston 271, the vacuum chamber and the assembly module 55 begin to retract .At 4.75 seconds, the 
pallet 12/a) containing the assembled nioid halves is transferred out of the as.aembly station, and a rievv- pallet 12(b} 

ss containing the back curve mold halves is inserted under the assembly module 55. At approximately 5 seconds, the 
reciprocating piston 271 is then moved to its baci<: curve pick up position, and at 6 seconds, the assembly beings anew 
at the zero start point. 

[0140] The assembly station 55 includes 4 reciprocal pistons 271, two of which are illustrated in the left section of A 
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- A' of Figure 14(b) with back curves attachecf thermic 5na t-,vo or -.vr-cn -srs psrtiaiiy yistbie in the right hand section of 
A - A' of Figure 14(b) without back cuPv/es tt shouki cr: und^i-itoca tnat r&ciprocating pistons are u^ed for the pallets 
l iaving 8 sets of front and back curve moid halves. T ne reciprocating pistons 271 are rnounted for reciprocation within 
thi? vacuLim housing 272 and are both carried by and may float within the primary housing 273. Each of the three 
5 members 27 1 . 272 and 273 reciprocate at various times, both with respect to each other and with respect to the paHet 
12(b) and the pallet 12(a) containing front mold curves. 

[0141] With reference to Figures 14(b) and 16. the vav\^on-^ ^•^i:^^\o\o hc.;.:S::n.; 272 and the pnriiary housing 273 Jire 
mounted forreciprocal movement on cylinders or tubes 274 and 'ec^c-ccate -vith respect to stationary frame mem- 
ber 276 in response to semi motor 277 wtiich raises and io>.\'ers a ;ec;r: ocating support platform 278. Drive motor 277 

10 IS f\.Kiib\y attactied to frame iTO;nrtber 276 by meisns of guicse tubes; 279 and 280 and cross -member 281. Thus, the 
stationafy frame member 276, guide tubes 279,280 arid cross-member 281 provide a box frame that is stationary with 
respect to the reciprocating members of the apparatus. Pallet guide rails 282 are also provided for each pallet 12(a), 
(b t entering the assembly stations which are advanced by means Of the materia! handfing pusher 1 57 previously de- 
scribed and illustrated with respect to Figure 8(l5). Guide rails 282 are also fixed with respect to the stationary fixed 

J5 platform 276. 

[0142] As Illustrated in Figure 14(b), the vacuum manifold housing 272 and the primary housing 273 reciprocate with 
respect to each other with the vacuum manifold housing 272 being biased downwardly by a pair of spring members 
283,284 positioned on opposite sides of the respective housings. The vacuum manifold housing 272 is secured to the 
primary tiousing 273 bv virtue of a pair of bolts 285.286, one of which is illustrated in cross-section in Figure 14(b) at 
so 285, which are free to reciprocate upwardly into recesses such as recess 287 fomied in the primary tiousing. Likewise, 
the reciprocating pistons 271 and reciprocating manifold members 288,269 also piovide reciprocating guides and 
support between the two housing members 272,273 

[0143] A pair of bore scope housings 290 and 291 provide access for a bore scope 200 and an optic probe 201 which 
may be inserted into the assembly cavity for viewing orquality control purposes. When not in use, the bore hoie housings 

2S 290,291 are closed by a blind 202 m order to aliow a vacuum to be drawn within the assembly housing. 

[0144] tn operation, a pallet 12(b) containing mold half back curves is advanced undarthe reciprocating pistons 271 
as illustrated in Figure 10(c) When the pallet 12(b) is in position, the assembly module 55 is reciprocated downwardly 
by pneumatic drive motor 277 and cross-member 278 and the reciprocating tubes 274,276 to draw both the vacuum 
manifold housing and the primary housing dowfiwardiy. The vacuum manifold housing 272 is biased in its downward 

30 position by means of springs 283,284 and the individual reciprocating pistons 271 are biased downwardly by virtue of 
their mounting within the vacuum manifold housing 272, and by virtue of air pressure maintamed within the pneumatic 
cyiinder293 mounted in upper portion of the primary housing 273, Within approximately 0.26 seconds, the reciprocating 
pistons 271 have engaged the back curve moid haives 30 on pallet 12(b} and a vacuum is drawn tlirough vacuum 
manifold in reciprocating piston 271, which has radial bores 294 {Fig. 10(c)) which communicate with an annuiar cham- 

35 b6r236 formed in the vacuum manifold housing 272, two of which are liiustrated in Figure 14(b) and 16, Each of these 
annuiar chamber passageways 295 is interconnected to each other and a common pienum (not shown) that extends 
across all 4 annular manifoids 295 on one side of the vacuum manifold housing 272, 

[]01 45] A pair of reel procatiog vacu urn manifoids 288,289 connect the vacuu m manifold 272 with the primary man ifold 
273, with one of the tubes 288, iilustrated in cross-section in Figure 14(b). The vacuum manifoid 288 reciprocates in 
bore 298, whSe vacuum manifold 289 reciprocates in a similar bore {not shown) These reciprocating manifoids are 
essentially identical, except that they supply vacuum at two different pressures to two different parts of the assembly 
moduie. 

|j01463 As the assembly module reaches fts iower most point of travel, each of the back curves 30 is removed from 
the back curve moid pallet 12(b) by the vacuum drawn in the reciprocating pistons 271. The entire assembly module 

4S 55 is then reciprocated upwards in approximately 0.25 seconds to enable transport of the empty paiiet 12(b) aiong 
conveyor 32{b} out of tiie assembly moduie and the insertion of a new paiiet 12(a) that is filled with front cun/e mold 
haives, each one of which has been dosed with a monomer at the filling module 53. Pallet 12{a) is advanced into 
position as illustrated in Figure 10(d) but ts registered in precise position by means of tapered registration pms 306,307 
\>'hich cooperate with the bfmd registration holes 129(a) 129(b) formed on pallets 12 as illustrated in Figure 7(a) The 

50 tapei on pin 306 is sufficient to register the pallet within 1 mm for the puiposes of preoii-ion as?enibly of the mold 
halves. 

[0147] The ussemfc Iv' cv'tle begins bv reciprocating both the vacuum manifold nousing 272 und th^- primaiv housing 
273 dov\n'vardlv until a perimeter sea! 3i0 contacts the outer perimeter 140 of the pallet ^^la) As contact is made 
With the penm<^ter seal a x'acuum s\Mtch is actuated by means of a pioximity switf^ii adjacent to recicio<.ating aoss 
ss hocjd C'S which actuati'^ij a =;s;fono >.'aotium source which dravvs a vaci-ium through ^ i^uum tubs; 511 md the intoriof 
of reciprocating drive tube to es'acuate the chamber fo'med between the vacuum manifold housing 272 and the 
platforim 276. 

[014S] It should be noted that the vacuum drawn in the two reciprocating drive tubes 274,2/5 is slightly ditferent. 
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with the 'acuum drawn !n the tube 275 being sir ' diawn tn tube 27^ m order to irHure that the 

f at.l' v.U!vhs ^le it-tamnd onthe recipiocating pssto c * - - --positionon the monomei and the front curve 
m^ld hdlf Inthi p[t.teirt d emt xfttrx nt the oie-- ^ m manifoid around the pal!f4 !2(cij is on th« 

nngcnfGto militoctrs whih t' c ^ 'c - ,3ii,tons 271 ts on tho order of 3 to nnillibars 

s [0149] Aftyi the vacuum I, c v. " ^ - - " housing 272, the vacuum mantfoid housing 

t-^-rfsf-b {> reciproc ^it'^' and ipnuin^ ^ till M , ■. ^ ^- - (d) However the uppei or primary housing 

17? -ontinufe'^ to tfcctfjrocdte dO"/n"/-ardiy * c ^ntactthe monomer and siowiy displace it 

out^' ardly to fil! the moid ca^A^ as the t i'O mola - - ~he vacuum matntatned around the housing 

enabieb thf» absemblv of the Mo r uri^b in a mnie =^ - . - nannerthan if absembled iinder ambient tsi^ 

10 ptcsburtj Whe n .aSi<>!nbi«d un 3« i ktiuni th«' dc pobttion ^« d md^ icrtc h d'- bitih mm [. m < < nrK' v> h t .js 
V ithoitt vacuum any sptstd qital'-i than 1 mm ptjr socofiff m<3v r^s-ult in undut ayttdtiori of tht iiionomtr ind Uit-- 
cieatiun of bubble* hi:;h effect and impair the quality ot the reguitant It-nt, 1 hus an assembly step v hi-^h lequires b 
to 9 seconds in atmosphenc pressure can be accompitsned in 1 fo 2 seconds. Further if a vacuum is not drawn, it fS 
p-^sbtfcif for nitrogen to be trapped bft\^ e^n th^ mola nau-^s oi DPt^^ e>^n the monomer and the back curve thereby 

?5 creating another buDbie or puddle which will result in reiection of that iens. 

[0150] lnQep(»nd(»nttra>^H|otthet\vo nv^nttoidi,^* 2 2/ o is provided sincetht^ vacuummdnitold liou'-inn2, 2 no longer 
leripiocatp": dov nwatdly aftf^r it is se^ff-d t n paH-^-t 12 a} however th*='Uf pei primar/ h >Lf-[nc < c ntmues to i-^^ciprocate 
dov ardly depositing the baf k f urve mold half and continuing on to therf>by ("ompletet/ '"ompress springs 233 and 
2oA As thei.e spring members are compressed the leciprocating pistons 2'"\ float bet>,vt;en pneumatic cylinders 293 

so which hjve b. pie^ ,un'ed to a predetermined pleasure dnd the batk ( uf\e mcjid h<5lf "^0 Thus the final clamping 
prtsi.nK on tr.'' batl cut '« mold mtmber i^^; drtermined by thf Jiif pr^s utt mainUintd ir. pneumatir cylinders 293 
andnott\ sprinq memb<=>f^ 264 orthe pres<; r»0(=>''e'-3't(^ Dv c \ ^ f ncible^ [nde-pendt^-ntrf^ciproca! 

movement or floatnq movement oteach otthe reciprocal pistons 271 yv1ii!e enabiinq ad of the pistons to be pressurized 
to I ( omm ■>n pr^df tr^imint^d value Thus mis ilignmeni ^ ^ingie mold part v.iii not desstioy tne entire- fc sU h "^f mold 

2S assemblies on pallet 12(3). 

[0151] The clamping pressure firmly seats the back cun'e moid half 30 on the front curve mold half 10 and seats the 
convex portion 33(3) of the moid 30 against the parting edge 14 formed on the front curve moid half lOihereby severing 
the monomer in the lens blank 8 from the monomer in the HEMA ring 13. Afterthe mold halves have been seated, the 
vacuum in each of the reciprocating pistons 271 is first broken by opening a vaive in vacuum line in 304. Shortly 

30 thereaffer, and after an optional pr&cfeterminsd clamping period and a predetermined cfamping pressure, the vacuum 
befcveen the vacuum manifold housing and the paflet 12{a) Is broken by opening a valve in vacuum fine 31 1 , Typicatly 
the period is ,5 to 3 seconds, but preferably is 1 .5 seconds. The clamping pressure may range from .5 to 2 Kg/per lens 
but preferably is 1 Kg/per lens. Thereafter, drive motor 277 is actuated and the entire assembly module 59 is raised 
upwardly and reset for a new bacf< curve pickup and a new cycis of operation, in tiie event the optional clamping 

35 movement is not provided, tiie resilient biased pistons 271 may be fixably mounted in vacuum manifold 272 and re- 
ciprocates downwardly to seat the back curve well into the monomer, but 0.1 - 0.2 mm from sealing engagement with 
the parting ring 14. In this embodiment the optional clamping step may also be provided In the precure step. When 
seated in this manner under vacuum conditions, with a completely fiiied mold cavity sealing the mold halves together, 
atmospheric pressure will "damp" the moid halves together at 14.7 psi when the vacuum in the vacuum manifold 72 
is broken. 

[01 52] As iiiustrated In Fig ure 8( b), after exiting the mold assembly module 55 of apparatus 50, the pa llets 1 2{b ) that 
had transported the back curve lens mold portions are empty and are recirculated back to the suppiy conveyor 29 to 
pick-up a new set of back curve iens molds from the injection mold 102(a). To accomplish this, ram assembly 155 
having a reciprocating ram head 1 56 is snabied to push the empty pailet 12(b) from the exit of moduie 55 in the direction 

4S indicated by arrow "K" where the back curve suppiy conveyor 29 picks up the paiiet 12(b) for recirculation at the back 
cun^e lens moid pick up point. Additionally, as shown in Figure 8(b), a second reciprocating ram 155' and ram head 
156* is provided to push, in the direction indicated by arrow "L", a pallet 12(a) containing front curve lens moids back 
to the front curve supply conveyor 27. This is done only if the iine quality control system indicates that a pallet 12(a) 
contains a lens mold assembly having mold halves that are misaligned, that are not seated correctly in a paiiet recess 

50 or are out of specification in some manner Detection of errors may occur at a vai lety of locations m the production 
fine, including or at the filling and mold assembly stations and the pallets are flag;-3ed b\ i-cintiol me.jnt. i not ihc wn) so 
they may be rejected by ram 155' for rectrcufation. The contact lens production line facility includes a surti^n \'ent 
apparatus for removing the mold assemblies from tiie rejected pallet 12(aus-h!le being leoirculated back to ?r\uhile on 
front cufv^'e supply conveyor 27. 

ss [0153] As shown in Figure 8(bi, the individual pallets 12(Ji) containing thu eight runt,3c{ l^na muld ,3i=st;mblis;s l^avy 
the fillingAnold assembly apparatus 50 on conveyor 32(c) at a rate of K mm'sec before entering the preccire assembly 
60 vv'here the front and bacic curve mold halves are then damped together in the pits^uie step 
[01S4| As vv'iil be explained beiow, while the mold haives are clamped under pressure, the polymerization mixture is 
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then exposed to actinfc light preferably from a UV tamp. Typicatty the mold halves are clamped for approximately 40 
seconds with 30 seconds of actinic radiation. At the completion of the precure step, the polymerteation mixture has 
fomied et paEtialty polymerized gel, with polymerisation initiated throughout the mixture. Foilowing the precure step, 
thi? monomer'soivent mt.duie ts then cured in the UV oven apparatus 75 whereby polymerization is completed tn the 
5 monomer(S) This [rradtation With actinic visible or ultraviolet radiation produces a poiymer/soivent mixture fn the shape 
of (i^ie final desireti hytirogei lens. 

[0155] In the preferred embodiment of the prej^e^-r :-\<;r;-j;.- i^pr-fai.e devices are illustrated for transport of the 
pallets 12(3! within the precure apparatus 60. 

[0156] A first transport mechanism IS describee '-'n ■ espect;-; ^:C;^:;e d.'b), 17. 19 anri 20 white a completely different 
to mechanism is illustrated in Figures 21 and 22. The method employed by each is essentially the same, tn ferrns of the 
clampirjg action and actinic exposure and differs only tn the apparatus used to effect the handling of the pallets. 
[0157] As ilius,t!-ated in Figure 8ibt the ccn\'e\o- bl'x ■ vers caiiet^. 12(a) containing a pkn'ahty of iTiolds, to an 
accumulating section generally indicated as 168 ivn-c^ hsis—b'ei. a r^i^^'ality of pallets tor a batch operation at the 
precure assembly 60. Accumulator section 168 includes a holding mechanism 166 that is timed by a control means 
J5 (not shown) to halt a lead pallet in piace on the conveyor 32iC) and enable a predetermined number of subsequent 
pallets to assemble behind the halted lead pallet to enacie batcn pi-ccess^ng at the precure apparatus in the pi-eferred 
embodiment, twelve pallets are accumulated enabling up rr nis-se-y-six -t-o; mold aisei-nblies to be proi-:essed at the 
precure apparatus 60 m a batch mode for an extended period of time of 30 to 60 seconds while continuously receiving 
new paliets from the production line at the rate of 1 every 6 to 12 seconds. 
20 [0158] As shown ifi Figure 8(b), lead pallet 12{a') is hafted behind holding mechanism 166 while the rest of the p.:itlet;> 
accumulate therebt?hind Up lo twelve pallets are being processed in the mold clamping and prtK-.ure a-ist-nibly 60 
while the new set of pallets are being accumulated in accumulating section 168, thus, assuring a continuous flow of 
pallets into the precure assembly 

[0169] After accumulating up to twelve pallets in accumulating section 168, holding mechanism 166 is retracted and 
2S the batch pusher arm 173 is extended to align the twelve paifets on the conveyor 32{c) corivenientiy within arms 171 
(a).171(b). itfs understood that a suitable track mechanism 175 and drtvStig means (not shown) is provided for enabling 
bi-directionai and orthogonal horizontal movement of batch pusher arm 173 Once the 12 pallets are aligned between 
arms 171{a),{b) of batch pusher arm 173, the pusher arm is driven in the horizontal direction ifidicated by arrow "M" 
as shown in Figure 8(b). The previous set of twelve paliets that had been undergoing moid clamping and precure are 
30 simultaneously pushed out of the precure asssmfsly 50 by the arm 171(b) of batch pusher 1 73 as the new sets of patlets 
are brought in by the batch pusher 173, In the partially exposed view of the UV polymerization oven in Figure 8{b). six 
(6) of the previous set of paflets have been pushed onto a conveyor 31(b) in the curing apparatus 75 thus, dividing the 
set into two batches of six pallets each for UV polymerization as described herein below. 

[0160J As shown in Figure 8{f3) after a new batch of twelve pallets are brought into precure apparatus 60 for mold 
35 clamping and precure, the batch pusher arm 171(t3) is retrained back m the direction of arrow "N" and the batch ram 
assembly 1 76 of batch switching apparatus 45 is simultaneousiy extended to push the other six pallets of the previous 
batch to an entry area 177 where the six pallets will be pushed on to a second conveyor 31 {a) for transport into the 
UV cycling polymerization apparatus 76. 

[0161] Figure 17 illustrates a side elevation view of one embodiment of the precure apparatus 60. As iilustrated in 
40 Figure 17, the precure apparatus receives a plurality of pallets having a plurality of contact lens molds therein, from 
the infeed conveyor 32(c). The infeed conveyor 32(c) defivers the pallets 12(a) and moid assemblies 39 to the precure 
station in an optionai low oxygen environment, which environment may be accomplished by pressurizing an enclosure 
326 with nitrogen gas. Prior to polymerization, the monomer is susceptible to oxidation from oxygen which results in 
degradation of the resuftant lens. 
4S E0162J The precure assembly 61 of the precure apparatus 60 is partially visible in the breakaway portion of Figure 
17 and more fuiiy illustrated in Figures 19 and 20, As explained in further detail in co-pending contemporaneously filed 
case VTN-83 (see item 11 on the attached Concordance), the assembly is raised and lowered into engagement with 
paliets containing contact lens molds by virtue of a pneumatic cyfindsr 320 vsrtiich raises and iowers an intermediate 
support beam 321 and reciprocating shaft members 322 which are journaled for reciprocating support in member 323. 
50 After the precuie operation, the pallets are discharged through a nitrogen ventilation and iock mechanism 324 for 
subsequent cuie bv heat and cycled actinic radiation in the UV poiymerization apparatus 75 as wilf be explained in 
further detail below. 

[0163j Figutes t8(aiand ISibiaie diagiammatic representations of alternate embodiments of the precure apparatus 
PO Eat. h embf^diment of asi.embly 6 1 include^ multiple vertical reciprocal movements, for an optional clamping step, 
ss a fifst onf- ot which illiitlrated iri Figure 16{J) in response to movement from air cylinder 320 and reciprocating beam 
521 As the precure apparatus is lowered along the a^is illustrated by arrow "A", a plurality of annular clamping means 
3A0 vMll engage the upfef annulai flange 3t> of each otthe mold assemblies carried within pallets 12(a( The plutality 
of annular clamping means 340 are mounted on and travel with a reciprocating platform 61 of the apparatus, and are 
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restliently mounted therein for a second paraite! reciprocal movement along the directions of arrow "B" iiiustrated fn 
Figure 18(a). 

[0164] tn the practice of the invention, the ciaETiping force may be generated by atmosphenc pressure, on the outside 
of mold hslve^s assembled under vacuum, ijy an "over travel" clamping apparatus as previously described with respect 
s to assembly module 55, by the optional clamping apparatus in the precure station 60, or by aii of the foregoing, in 

combmatton. 

[0165] As illustrated in Figure 18(a), the optional clamping means 340 are biased wtthtn frame 352 by springs 312 
{illustrated diagrammaticallytvvhfch may be an air spring 3l2!a; (Figure ISiat] or a hehcai spring 312{bj (Figure 18(b)) 
Of may be generated by th? physical mass of the damp: no men-:irer tne af psrstus is lowered, the clamping means 

10 340 Will engage and clamp the first and second moid halves togelher with a fofce detertninsid by !he spnncj means 
.312. When air spnngs are use;d, the force will be deletrnmed by the amount of air pressufe provided to tfie atf chamber 
312(ai by air pressure means 12. White clamping means 340 have been illustrated as two annular members in f-'igures 
1 8( a 1 and 1 8( b i for illustrative purposes, it IS understood that in the embodiment illustrated in Figures 1 7, 1 9, 20, 21 
and 22 there are 96 individual annular cfamping means, with an individual clamping means for each of the mold as- 

« seinbiies 39. 

[0168] Positioned above the damping means are a plurality of actinic light sources 314 which may be UV lamps. A 
pyrex glass plate 395 separates the precure area from the actinic ligitt sources 314 This glass piate enables cooling 
of the actinic light sources 314. while maintaining the mold assemblies at a temperature ranging from ambient to 50 'C. 
It also protects the actinic light sources 314 from emissions frcm the monomers. After the clamping means has engaged 

;o the moid halves to damp ihem togefhet, a shutten mechanijvTfi 315 is opened by an air cylindef to enable the actinic 
light source 314 to initiate polymerization of the polymerizabSe composition in each of the mold assemblies 39. Shutter 
316 has a plurality of openings 313 defined therein and is reciprocal along the X axis (indicated by arrow "C" in Figure 
18(a)) in order to open and close exposure passage ways 347, The embodiment of Figure 18jb) is essentially simitar 
to the embodiment of 18(a) with respect to the location of light source 314 and shutter 315, and the x-vay they expose 

2S the mold assemblies to actinic radiation. 

[0167] The operation of the precure apparatus 69 is set by a control circuit, indicated at 310, which controls the 
duration of the damping penod by the length of time air cylinder 320(a} is activated to its reciprocal down position. The 
control circuit also controls the amount of radiation received by the moids controiling the duration of the exposure 
period through operation of shutter 315 and the aircyitnder346. The ifiterisity may also be manually adjusted by raising 

3<? or lowering the lamps 314 with respect to moid assemblies 39. 

[016SI The amount of force applied fsy damping means 340 may be varied from approximately 0.5 Kgf to 2.0 Kgf 
per lens or mold assembly 39, by pneumatic controiier 372, and is appiied to keep the flange 36 of the back curve mold 
half parallel to the flange 18 of the front curve mold half forfbe duration of the exposure. The clamping weight is appiied 
for 10to60 seconds, buttypicaliyfora period of 40 seconds. After approximately 10 seconds of weight, actinic radiation 

35 from UV lamps 314 is applied to the assembled moid and the polymerizabie monomer or monomer mixture. Typicaffy, 
the intensity of the UV light source is 2-4 mW/cm^, and this intensity of light is applied for 10 to 50 seconds, but in the 
preferred embodiment, is appiied for 30 seconds, it should also be understood, that in a batch mode, the cure could 
proceed to completion, to eliminate the cure ovens 75. It is understood that different intensities and exposure times 
could be used, inciuding pulsed and cycled high intensity UV on the order of 10 to 150 mW/cm^ with exposure times 

4S runni ng from 5 to 60 second s. 

[0169] At the end of the radiation period, the shutter 315 is closed by reciprocating it to the right as illustrated in 
Figure 18{a) and the weight is removed by energizing cylinder 320 to filtthe precure assembly 61 upwardly fay means 
of push rods 322, As the assembly 61 is iifted, the damping means 340 will be lifted clear of the molds and pallets to 
enabie the batch pusher arm 1 73 transport thsm out of tiie precure means as described above to conveyors 31(a),^ b} 

4S for transport througii the cure ovens. During the precure time, the temperature in *e system may be varied from 
ambient to SO'^C, 

[0170] At the conciusion of the precure process, the monomer has gone through initiation and some degree of po- 
lymerization. The resultant lens is in a gel state with some areas of the lens that have the least thickness, i.e., the 
edge, having a higher degree of polymerization than the body. The clamping and precure of the edge, under pressure, 

50 results m a cleaner and more evenly defined edge for the final tens product, 

[0171] F-igures 17'. 18(3) and 21, 22 depicts a second embodiment for the batch handling of pallets 12fa) at the 
precure station As described above with respect to Figures 1?. 18(a) and 19, 20. the first embodiment reciprocated 
the UV lamps and clamping members into and out of engagement with the moid assemblies 39 and pallets 12(a) carried 
by conveyor means 32(c) In the embodiment illustrated m. Figures ISib) and 21. 22. ttie UV lamps are stationary, and 

ss the pallets 1 2i a) are lifted from a roller conveyor 32{e) into engagement with tfie clamping means fof tfie precufe penod. 
Additionaiiy, m the first embodiment, the conveyor system splits the line into two lines 31i3).(b! following precure, while 
in the following precure embodiment, hvo separate lines have already been formed 

[0172] The clamping means utilized by the embodiment illustrated in Figures 18(b) and 21 , 22 utilizes the damping 
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means ZAQ previously described with respect to Figure 18{b). tnthis seconcf embodiment, a plurality of ctamping means 
3^10 are mounted above a roller conveyor 32(e) tiluatrated in side view in Figure 18(a) by rollers 32(e) A pfurality of 
tiftiEig standards 381 etre positioned between groups of roiters 32(e) on centers approximate the width of the pallets 1 2 
(a). In Figure 22, a first row of pallets 12(a) is d;? p: :.t::d rf:3i.r^q cn ro;!:: rs 32(fi} with adjoining edges of each of the 

s paiiets aligned aiong the top of the lifting standards 381 , 

[0173] The paiiefs 12(a) are aligned in position i::y : ne:in<. ola-op rim^a 333 which is lifted by air cylinder 382 durincj 
the loading of the precure apparatus. During loading of the device, the stop means 383 is reciprocated upwardiy, and 
the requisite number of pallets 12ia) are advanced into the precure apparatus. When 6 paiiets in each row have been 
advanced, a second stop means 384 is lifted by atr cylinder 385 to define a ttmtt on X axis travel as illustrated in Figure 

M 22 A aepanafe ah t;ylinder 387 is used in coopeiafion vvi-jh stop nieans 384 io align the adjoinmcj edges of the pallets. 
12fa) above the centers of the lifting standards 381 Aite>- ih:? pallets have been aligned, tfie lifting standards 381 are 
reciprocated upwardly by means of intermediate support frame 38S and a pneumatic motor generally indicated as 390. 
f01743 The pallets are reciprocated upwardly to the position illustrated at 12(a'} in Figure 18(a), in which position 
they engage the clamping member 340 as previously described. Each of the clamping members 340 also include a 

55 separate independent and resilient spnng 312(b). as described in aforementioned case VTN-83 for driving clamping 
member 340 and the upper mold half 30 (back cutvej against the lower mold halt 10 (front curve) during the precure 
period. 

[0175] After the pallets and mold halves have been raised oy air cylinder 390 and the first and second mold halves 
clamped together by means of clamping means 340, a reciprocating shutter 315(a} is shitted as illustrated in Figure 
so 18(a) to align a pluraliiy of openings therein with She cent- ai openings formed in the damping means 340 and thereby 
enable exposure of the monomer m the n-iold halves by means of actinic light sources 314 as descnbed generally 
above with respect to Figure 18(a), A pyrex glass plate 395 separates the actinic light sources from the precure area. 
The clamping period and the amount of exposure to radiation are controlied by a control nneans in the manner previousiy 
described, 

2S [0176] Following the precure of the monomer in mold assembfy 39, the pallets 12(a) are reciprocated downwardiy 
to the roller conveyor iliustrated in Figure 17 as 32(e) and advanced by incoming pallets 1 74 to subsequent conveyors 
31(a),( b). The individual pallets 12(a) containing the eight contact lens mold assemblies then enter the UV- cure and 
poiymerizatfon assembly 75 on two tracl<s 31(a),31(b) as shown in Figure 2. fn the UV-polymsrization assembfy 75, 
the palfets are conveyed at a rate of approximately 5.5 mm/sec. 

[0177] A preferred apparatus for carrying out the present invention, as iliustrated in Figures 8(c) and 23, includes a 
pair of conveyor means 31(a),31(b) for moving pallets 12(a) containing the moid asssmislies 39 in the direction of the 
35 arrow. Preferably, conveyor means 31{a),31(b) inciudes beits on which the carrier 12(a) carrying mold assembiy 
39 (or moid assemblies) is carried. A convention controi means (not depicted) such as a variable speed motor is 
connected to conveyors 31(a),31(b) to control the rate at whicf) the conveyor means mover carrier 12(a) through the 
poiymerization zone. 

[0178] Reference numeraf 330 denotes generafly a housing fora source which emits uftravfolet radiation as described 
herein. The housing 330 is disposed over both conveyor means 31(a),31(b) so as to span the path of both conveyors 
leaving a space througf) which the conveyor carries carrier 12 and moid assembly 39 under the housing. Housing 330 
can comprise one unitary section or can be composed of severai discrete sections arrayed side by side, as shown as 
units 331 and 332 in Figure 8(c). 

p)1793 Figure 23 shows gsnsraliy, in vertical section, any of units 331,332 of Figure 8(c). Each unit preferably has 
4S a flat horlxontal surface 33 to wh ich are affixed one or more elongated iig ht bulbs 334 of tiie type commercia lly avaliabis 
for emitting ultraviofet radiation. Figure 23 shows a single bulb, which is one of a muitlplicity of bulbs, which is the 
preferred arrangement to use when several ranks of mold assemblies are disposed side-by-stde on the conveyor The 
bufbs are arrayed sfde by side, with their longitudinal axes parallel, and in the units indicated at 331 those axes are 
parallel to the direction of travel of the mold assembly and fn the units indicated at 332. those axes are transverse to 
50 the direction of travel of the mold a&semblies 39. The buibs are inounted tn standard elects teal fixtures 335, which hold 
the bulbs in a hon::o!it3l plane paiallel to the conveyor and the mold as^.embhes l-Laoh of the ultr,av!olet bulbs 335 ts 
connected to an electrical contio! means (not depicted) fo; supplying suitable electric citnent to the bulbs for actuating 
them to emit ultraviolet radiation. 

[0180] )'h<^ bulb Of bulbs 33^ under Vv-htch ths- mold assemblies travel have the prop^'ity that the miensiiy of the 
ss ultraviolet radution (measured as, for instance, Mvs.'cm^j is diffeient at different points along th«; k-nglii fi e- , along the 
longitudinal axis i of the bulb At the regions at each end of the buib. the intensity is at or belovv a first intensity level 
which, at the given distanc*^ from the bulb to the mold assembly, is insufficient to caus*^ initiation of polymei isation of 
the polymerEabie composition (which first intensity level may be zero). Between the ends of the bulb there Is at least 
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one region within which the intensity of the emitted ultravioiet radiation equals or exceeds the minimum ievei necessary, 
at the given distance from the bu\b to the mold assembiy, to initiate poiymerization of the poiymerizabie composition. 
During operation, as the moid assembly passes siong tr:j: ;engtr: of tfi!;- bulb, the intensity of the ultraviolet radiation 
that tfie moid assembly receis'ss cycles at least once from an intensity ievei insufficient to initiate poiymenzation up to 

s a intensity at which poiymeriEation is initiated and bacl< down to an intensity level insuffieientto initiate polymerization. 
[0181] Pfeferably two or more such bulbs 33f H:;;:ye ^ ^rx; to ena -r. ^idiacent housings 331 over the paih thai 
the mold assemblies travel. Each bulb can then have at least one region emitting radiation of sufficient intensity to 
initiate poiymerization and fianking regions of lesser intensity insufficient to initiate poiymerisation. In that way, even if 
each individ'.ial b'.ilb has only one region intermedlare its enas v.h:: h :n:t:3tes poivmeri^ation, each cycle of increasing 

10 and decrerssing intensity octiufs at leasif two times, diicna ihe pa-iii\iy(:: of a given mold assembly under the senes of 
ultraviolet buibs. it is preferred ttiat three to six, more p^eferabiy f:ve b^tbs be employed end to end so as to expose 
the poiymerizabie composition to three to six, preferably five, cycles of increasing and decreasing uitravioiet intensity. 
[0182] In addition, a source of i'leat is provided Nvhich is effect:ve to r;-;;--- ihr ton-poitiiu:.::- ofthe poiymerizabie com- 
position to a temperature sufficient to assist the propagation of the polymerizatton and to counteract the tendency of 

J5 the poiymerizabie composition to shrink dunng the period that it is exposed to the ultraviolet radiation, A preferred 
source of heat comprises a duct 336 which supplies warm air underthe moid assembly as it passes underthe ultraviolet 
bulbs 'fhe warm air is exhausted through the opposite end ofthe housing, and maintained at a controlled temperature 
of 45" to 70'\ with a preferred temperature that varies from housing to housing as will hereinafter be detailed. Adjustable 
air passage v^ays 337 enable precise adjustment ofthe air flow beneath the conveyors and pallets. 

so [0183] It has been discovered that ihiough careful comroi of the parametefs of this operation, as descnbed herein, 
a superior fuiiy polymerized contact lens can be produced which exhibits reproducible successful production within a 
reiativeiy minor period of time. Without intending to be bound by any particular theory of operation, the observed per- 
formance of this system is consistent with the proposition that as the intensity of the ultraviolet radiation increases, 
polymeri::ation is initiated at a number of different sites, and that thereafter decreasirsg the infeniily of the ultraviolet 

2S radiation, coupled with exposure to an effective amount of heat, permits the initiated polymerization to propagate pref- 
erentially over the continued initiation of new poiymeHzation, Then, as cycles ot increasing and decreasing uitravioiet 
intensity are repeated, fresh initiation of poiymerization occurs even as the previously initiated poiymerization continues 
to propagate. In this way, carefu! control of the magnitudes of the low and high ultraviolet intensity levefs, by sefection 
of biflbs of appropriate radiation intensities and by adjustment ofthe distance between the bufbs and the nnold assem- 

30 blies with the poiymerizabie compositions, and careful control of the rate of change of the ultraviolet intensity (by 
selection of the rate of movement of the moid assemblies past the buibs and selection of the number of bulbs arrayed 
end to end and their lengths), produces a polynnerized article in 1 which there is no residua! unpoiymerized monomer 
remaining, whiie the overall distribution of polymer chain lengths provides a superior contact lens, and in which the 
pofymerized arttcis fills the mold cavity without any voids in the article or between the article and the inner surfaces of 

55 the cavity, 

[0184] The method and means ofthe present Invention are further illustrated in the following exemplification, in which 
the pallets 1 2(8) are fed from the precure apparatus 60 to a pair of conveyor beits 31 {a),31{b) which travel the iength 
of the polymerization apparatus, 

[0185] The paiiets move on conveyor beits which pass under a series of six smaller housings 331 and three longer 
housings 332 arrayed side by side as shown in Figure 8(c) (oniy five smaller housings are illustrated in Figure 8^c)), 
with each housing after the first holds filled with ultraviolet-emitting bulbs. All bulbs are mounted to their respective 
housings to lie in the same plane. The verticai distance from the piane of tiie pallet to the plane of the bulbs, in the first 
housing that contains bulbs that the mold assemblies encounter, should be about 25 mm to about 80 mm. That vertical 
distance to the bulbs in the subsequently traversed housings should be about 50 to about 65 mm. 

4S [01863 A duct simifar to 336 bfows heated air Into each of the spaces under a(( six housings, Including the first 331 
(a) that has no ultraviolet-emitting buibs. The preferred temperatures to maintain around the pallet under each housing 
are about 49" C to about 64*'C under the first two housings, and about 49" C to about 59* C under the oiber four. 
[0187] The rate at which the pallet travels is preferabiy sufficient so that the totai time that elapses from the moment 
that a given mold assembly first enters underthe first housing untii it emerges from underthe last one is preferabiy 

50 about 300 to about 440 seconds.. 

[0188] By operating in this manner, the mold assembly is exposed to multiple cycles of increasing and decreasing 
ultraviolet radiation intensity. In each cycle, the intensity ofthe ultraviolet radiation ranges from aboutzero, up to about 
3-3.5 mW/cm^, and then back to aboutzero. Since the bulbs are of essentially identical iength and tiie pallet moves 
at 3 constant speed, each cycte in the first six ovens lasts essentiaiiy the same length of time, 

THE PEMQLpiNGSTATiON 

[0189] After the poiymerization process is completed, the two haives ofthe mold are separated dunng a demolding 
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step leaving the contect lens in the ftrst or front cun/e mold half 1Q. from which it is subsequently removed, (t shoutc! 
be mentioned that the front and back cua^e mold halves arg; used for a single moiding and then discarcied or disposed of. 
[0190] As illusttated in Figure Sid}, rhe pslk-f? co::ta::':;::g tfi!;- (jc:\ ms:;Z'i-d contact tenses in the moid assemblies exit 
thi? poiymerizatton oven apparatus along two cc.-vv or ; 31;b,; described above, and enter info the demold 

5 assembly 90. The pallets are transferred from the:r conveyci-s sno positioned along a respective transport carrier 182 
{a). 182(b) of duiil vvalktrig beam conveyor 180 ■\\iisX;-i\i:^i r:.;;.-^ tllitstraled in Figure 28, transport car rief 182 

{a}.182{b) comprises a plurality of respective spaced apart push blocks, such as the four labelled 184(a),(b),{c),(d), 
that move horisontaliy to precisely t.'ansco" i psNet containir-g assemblies througii the demold apparatus 90, 
[0191] Figure 28 illustrates a partially cut stde viev, of dus: -vaikino i-^iam 180 shovv'tng transport conveyof 182ia) 

to As shown tn the Figure 28, the transport earner beam 179ia) is mounted by suitable mounting means 197 on track 
193 for horizontal reciprocating movement thereupon. Motor 191 and suitable drr/e linkages 192 are provided to pre- 
cisely control the horizontal movement of the transport carrier beam 1 79ja) along the track 193 so as to enable push 
blocks to engage and advance the pallet along the carrier rails 183{a).{b) Additionaily. as shown in Figure 28. the 
earner beam 179{aj is retractable in the vertical dnection by a senes of pneumafic cylinders, hvo of whicti 190ia), 190 

J5 (d) are shown in the figure. The cylinders 190(a},(d; and motor 191 are precisely controlled by control means to simul- 
taneously provide for the reciprocation and retraction ot -i-ie ■ra:-3pcr!: carrier beam 

[0192] In the preferred embodiment descnbed in de-3;: above the transport earners of the dual walking beam carries 
the pallets containing contact lens mold assemtr^^es tnrougn the demold apparatus where, preferably, the flange portions 
of thefiont curve and back curve n-^cio :..a;ve3 are grippeo ano pulled away fi-om each othe!\ either in directly opposite 

30 directions or through an angle in a prying sort of motion, 

[0193] Advanlageousiy, the ccr:■a■.^r ier-.i, nioid asseaib^y iS f:r?i heated moderately to facilitate separation of the po- 
lymerized article from the moid half surfaces. .As e.>;p!ained in further detail in co-pending contemporaneously filed case 
VTM-82 {see item 10 on the attached Concordance), the demoid apparatus 90 includes means for applying a precise 
amount of heat, which may be in the form of steam or laser energy, to the back ciiive iens-mold portion of the contact 

2S lens mold assernbiy, prior to prying apart the back curve moid half from the front curve mold half by a set of pry fingers 
that are inserted wtthm the gap forrned between the overlying flange portions of each moid half of the frioid assernbiy. 
[0194] To position a pallet 12(a) from conveyor 31fa) to transport beam 182^a) of dual walking beam 180, the pallet 
IS first clamped by upstream clamping jaws ie6('a),tb) as shown in Figure 8(d). in a timed manner under control of 
suitable control means, the pallet is refeased and positioned on a pair of carrier guide tracks between a pair of push 

30 blocks, e.g ., 184{a),184{b) of carrier 182 as shovvn in Figure 28, for transport through the demotding apparatus 90. In 
a stmtiar fashion, to transport a pallet 12(a) from conveyor 31{b) to transport beam 182(b) of dual walking beam 180, 
the pallet is first clamped by ypstream clamping jaws 187(a),(b) (Figure 6(d))< and then timely positioned on a second 
pair of carrier guide tracks between a pair of push blocks, similar to 184(a),184{b) of carrier 182 for precision transport 
through the demolding apparatus. The operation of transport carrier 182(a) of dual walking beam 180 will now be 

35 describee! in further detail with respect to Figure 28, The transfer from clamping means 186(a),(b) and 187(a),(b) to 
the dual walking beam is accomplished by a double armed push assembly 195 having a first arm 196 and a second 
arm 197. It operates in substantially the same way as the sequencing assembly 40 previously described with respect 
to Figure 8(a}. 

[0195] As shown in Figure 28, the transport earner 182(a),(b) includes a reciprocating carrier beam 179(a),{b) having 
plurality of push blocks 1 84{a).(b),(c).(d), spaced equally apart on the respective carrier beams 1 79(a),(b) at a distance 
approxtmateiy equal to that of the length of a pallet. Each carrier beam 179(a),<b) is mounted for horizontal reciprocating 
movement in the directions indicated by the double-headed arrow "A-B" in Figure 28 for advancing the pallets 12(a) 
along respective guide tracks through the demoid apparatus, and, is addftionally mounted for reciprocating movement 
in the vertical direction as indicated by doubis-hsaded arrow "A'-B"'. 

4S [01963 Each pallet guide track includes a pair of tracking guide rails or shoulders for mating with respective notches 
2S(a),{b) of the pallet as illustrated in Figure 7(b) and 30. The paired set of shoulders and respective pallet notches 28 
(al.ib) keep the pallet precisely aligned as it is being advanced by carrier blocks 184 throughout the demold apparatus, 
and further prevents any vertical movement of the pallet 12(a) when the mold assemblies 39 aredemolded. The height 
of a oush block e g . block 184(a), is such thai it wii! engage the edge of a pallet when the transport beam 179(a) is 

50 vertically r<^r^ipiocated in the direction indicated by arrow"A"' when advancing the pallet through the demold apparatus 
•\) and will dis'^'nyage the edge of the pallet when carrier beam 179(a) is vertlcaiiy retracted in the direction indicated 
by the arrow "B'-'. 

[0197] % piexiously descnbed above, with respect to Figure 8(d), a pallet 12(a) is first positioned on the parallel set 
ot tiaci<s 18>J(a),(bt beP,»,<^en the first two push blocks 184(a) and I84(b! To advance the pallet, the transport carrier 
ss bi-^ain 1^Q(?<) 1=; dnv.>n forv^'ard in the direction indicated as "B" in Figure 28. so thai push blocks 184ia),{b) engage 
pallet 12t3tto ads'ance its position along the guide tracks 183(3).(b) from its previous position, to a new incremented 
position 'I he =imount cf inv.rH!nented advance vanes with the type of demolding apparatus employed. When the laser 
aemoid apparatus (Figures 24-27) is cmpioyed, the pallets are incrcmentaiiy advanced to advance an entire pallet 
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tength and then a distance equaf to the distance between centers of pairs of moid assemblies carried on pattet 12(a). 
! hts enables the laser demold apparatus to demold a pair ot moid assemblies tn each advance, and when tfie last pair 
IS demoldea a new paifet is advanced into positEon. 

[0198] Wnonthf ste^im Dcmolding apparatus is £ " 3 th^ p^illots^iie sequential!) advanced one 

s paiiet at a ttm<- inasmuch as the steam demoidit ; c ^* 2c — 3s entire pallet in one step Immediateiy after 
c)dv jnurK thf- p i![f-M thf- ttansport t :tfri^ ~ . ^ c >^riK il dirsr-'nion t ensr-^ith the plane cf 

the tafri-^f riiL> lo'^f i) {bi so Ihdt tht t " t -■ - s -^fc'- rudy ff-uptui^ itc h-).)./ jril^iiiv herif^dttj 

the pallet to its original position m the dt'f^c c" - . - = a e -,S 

[0199] Att^n-'riprufatinq hoii?ont=5ll/tc.ts , - . - d ^ » --jni l-«tdi (^nd pu<^h bhc hs 184(^ i (b) 
M ft. ) !' extiind'Ki vfttic illy to li- ■.Mtjtr, j! f. j-itKH whv.'- ' -v 'bM no scp a ik^^!) rtoi fc led f ili<'t 

12(aHtomconvcvor31t<3^ <3s pttviuitoi, a^stttLod A'.t^ . ^ ^^'<.o:i, '^aditiondlU tht fit^t pa!!.-^t 12(a) IhcJt 
had been advanced on carrier rails 183(a).{b) is now engaged between push blocks 184(b!.(C) Bv continuous recip- 
rocation of the transport earner oeam 179(a),^D) of d«ai walking oeam 160, a precise and continuous fiow of patiets 
through the moid separation apparatus 90 is assured, 

J5 

[0200] Heating the bacK curve lens moid creates differential expansion of the heated moid polymer relative to the 
cooler lens polymer v> hich shifts one surface with respect to the other. The resultant shear force breaksthepoiymerized 

;o l«;ns/polym^'! mold adhesion and assists in the separation of rnold portions The greater the temperature gradient 
betv\een the snffaces of the rnold portions, the greater the shearing force and the easier the mold portions separate. 
This effect is greatest when there is maximum thermal gradient. As time continues, heat is lost through conduction 
from the back mold portion into the lens polymer and the front mold portion, and then collectively into the surrounding 
environment. The heated back mold portion is, therefore, promptly removed so that very little energy is transferred to 

2S the polymer lens, avoiding the possibility of thermal decompositiofi of the lens. 

[02013 "^^^ present invention discloses Sn two alternate embodiments, two different ways of heating the back curve 
and demoiding the mold assembfy. !n the first of these two embodiments, heating the back curve may be accomplished 
by use of a source of electromagnetic radiation, preferably a carbon dioxide {CO2) laser, applied to at least one of the 
moid portiofis. The laser is preferably of about 80 \Afetts at a wavelength of 10,6 \irr>. The exposure of the mofd portion 

30 to the laser is between one half and one second. 

[0202] In the case of lasers, both mid-infrared and UV. the laser energy is nearly 100% efficient because the poly- 
styrene moid material is neariy 1 00% absorptive and only a tiny fraction of the incident radiation is refiected or scattered, 
in this way there is little or no energy lost to atmospheric absorption, so only the sample is heated, 
[0203] Also, because of the absorptive nature of the moid material at these frequencies, most of the laser energy is 

35 absorbed within several wavelengths travel into the material. From that point, heat is transferred only by conduction 
from the surface. For that reason, on initial exposure to the laser beam, a iiuge theimal gradient is formed between 
the exposed exterior surfiace and the surfece of the mold portion in contact with the lens. 

[0204] The above objectives a re attained by use of a source of electromagnetic rad iation, preferably a carbon dioxide 
(CO2) laser, applied to at least one of the moid portions and may be spfit into two beams to simultaneously heat the 
back curve of two mold assemblies, it has been found through empirical testing that the iaser is preferably of about SO 
Watts per mold assembly at a wavelength of 1 0.6 iim. The exposure of the moid to the laser is between one half and 
one second, 

|p20$} Lasers of this power range are available both in flowing gas and sealed iaser types, in the preferred embod- 
imerrt of the iaser demolding apparatus a Laser Photonics model 580 cw/pulse laser was Integrated with an optical 

4S train as shown in Figure 25. 

[02063 Referring to Figure 25, the input beam 400 is generated by a faser (not shown). The beam firsttraveis through 
a piano convex lens 412 which causes the laser beam to converge. As is readily appreciated by one skilled In the art, 
zinc seienide is an appropriate material for construction of the lenses and other optical components in an optica! train 
usfng laser tight of the above specified wavelength. 

50 [0207] As the beam further diveiges it encounteis mtegiator 418 which seives as an internal diffn?er Th<^ diffusei 
sei\es to scatter the lasei light infem.aiiy and prov/tde foi a more uniform beam i'he be.:in; .3s c>Mgtn.:illy pioduc^'d bv 
th-? laser is typicaily not consistent uciobs the beam m power distrtbittion Without a diffnser this :oiiM leao tf' hot and 
coio spots on the incident object if a integratot is not used 

[0208] Und^'Sirjbl^' charc5cte nstiCi, oan r^bult from undet- and ovefi^<posur-j of the l-jris/niold >-oinbi nation to the; \ah<^t 
ss e-nergv if trii=- >='fh-^rciv th non-uriifuim cjcrass the beam, both effects can bt; found on Ihe i=ame inuio Bt;r?<tiii^ 3 lypi^' ii 
laser beam has a tvvo dimensional Gaussian distribution of energy across the beam the diffuser is necessary to square 
oft the energy distribution. 

[0209] After emerging from integrator 418, the beam is now uniform and weakly converging, and is made to ba 
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inGfdent uport a beam splitter 420. The beam splitter passes half of tlie beam energy tlirough the splitter and reflects 
the other iialf The half of the beam 422 reflected by splitter 420 is reflected by mirrora 2A ultimately causing the beam 
to strike one lens/mold assembly 3&i a) The other haif of the beam 428 split by beam splitter 420, strikes mirror 430 

and is rejected to the other lens/moid assembly 39(b). 
s [0210] in this preferred emboainient t.vo -ated moid portions containing a polymerized lens therebetween can be 

simultaneously heated by means of the apparatus. 

[02 11] Note that m thts instance, the iasef utilised betv\ ten ' 50 ano 200 VViSus sic -hst - he laser power incident upon 
the moid pieces is the preferred, approximate 80 Watts, 

[0212] Also shown in this arrangement is a helium-neor: s;:a:-:nis-rt lase: 434 iha-i is used to assure proper alignment 
10 of the optics in the system. The helium neon laser 434 produces a beam which is reflected by mtrror 438 toward the 
patti used !jy ttie main laser beam 400. .At ttie intersection the ai:cprr;ent laser l^eam with the path of the matri laser 
beam, the alignment laser beam encounters beam splitter 439 v^'hich places the alignment laser beam in the same 
path as the main laser beam 

[0213] It was found that the preferred method fo-- -emoving tne back mold portion from-the front mold portion after 
J5 heating the back mold portion with the laser, was tc apply s ; e:st:ve tensile force between the mold portions. To apply 
this tensile force, the front curve mold half is heid in place as illustrated m figures 24(b). 26ia) and 26(b), wherein a 
pair of thin metal fingers 452,453 are f'txably mounted aDo^e track rails 450,451 and pallet 12(a) to secure the front 
curve mold half 10 to pallet 12(a} during the pry operation. Finger 453 is an inverted T shaped member and secures 
the front curve mold half 10 with one flange 453(a) of the inverted T, and will engage a second front curve mold haif 
so (not shown In Figure 26(a)) with a second flange 453(b). The second fiange 453{b) cooperates with a third flange 454 
to sect.tre tfie second front a.irve mold half m position 

[0214] As pallet 12 is sequentially advanced ;hro:.:gi-: the laser demoider, the rails 452-454 sequentially engage each 
row of mold assemblies 30 to secure the fi-on; c;i!ve moki hi^it T ru=: b-icH curve moid half flanges 36 are engaged by 
a pry fixture 448 {diagrammatically illustrated m Figure 24), which engages both sides of Range 36 as the pallet 12 Is 

2S advanced into position by the walking beam conveyor block 184, Pallet 12(a) is then stopped, while pry fixture 448 
rotates about axis 455 in the direction of arrow "F" m Figure 24 to apply a tensile force to the back curve moid half 30. 
The upper part of the pry fixture 448 is capable of rotation about axis 456 so that after exposure of the back curve mold 
portion 30 to the iaser, the fingers 456,458 pry the back curve mold portion up. The entire assembly is then lifted 
approximately 10 mm as noted by arrows "B'-B"" in Figure 24 to remove the back curve moid part completely it has 

30 been found that when the metai fingers 456,458 were allowed to stop under the flange, and then tilted back approxi- 
matefy 18*. the overall quality of the iens removed, and the resultant yield was isetter than currentiy employed pry 
techniques which only fift from a single side, and do not controi the axis of the pivot point. 

[0215] It was determined that such abovendescribed mechanical assistance was best supplied just after exposure 
to the radiation. Although no adverse effects would be contsmpiatsd if there was less time between exposure and 
35 mechanical removal, in practical terms the time between exposure and mold separation would be isetween about 0.2 
and about 1.5 seconds. 

[502163 ^f^e preferred arrangement for demolding the back curve mold halves is nrjore fuily iilustrated in Figures 27 
(a), 27{b) and 27(c) wherein Figure 27(a) is an elevation view of the apparatus, Figure 27(b) is a plan view taken afong 
section line A-A' of Figure 27(a) and Figure 27(c) is an elevation side view taken along section B-B* of Figure 27(a). 
As illustrated in Figure 27(b), pallet 12(a) is on the second of a plurality of demoiding cycles wherein laser beam 400 
will deliver intense eiectromagnetic energy from beams 428 and 422 through iaser masks 429 and 423 to the second 
row of mold assemblies in pallet 12(a), The first row of mold assemblies is being demoided by pry apparatus 448 as 
was previously illustrated and described wSh respect to Figure 24. Pry apparatus 448 is rotated by shaft 449 within 
journal bearing 460 by a pair of links 461 and 462 which are illustrated in Figures 24 and 27(c). As illustrated in Figure 

4S 2?{c), link 462 is pulled in the direction of arrow "E" by a rack 464 which is driven by a pinion on a stepper motor 465. 
stepper motor 465 thereby rotates shaft 449 in the direction Indicated by the arrow "F" in Figure 27(c) and Figure 24 
through approximately 18** of arc to separate the back curve mold haif 30 from the front curve moid half 10. 
[0217] Afterthe pry meclianism 448 and shaft 456 have been rotated, the entire assembly (as mounted on platform 
469) IS lifted upwardly in the direction of arrow "G", about pivot point 466 by means of a slidable cam 467 which engages 

50 a roller cam follower 468 mounted on pivotable platform 469. Slidable cam 467 is advanced by a pneumatic or electric 
drive motoi 470 to raise shaft 449 appioximately 10 mm so that the attached pry apparatus 448 may be retracted for 
disposal of the back cur^e mold halves after they have been separated from the mold assembly 
[0218j Each of the afote mentioned components are mounted on a movable platform 47i which Is shtftable In both 
the X and Y direction m oider to dispose of the separated back cur^-e mold halves as will be hereinafter described. 
Once the pry mechanism 448 has separated the back curve mold halves, and the machsjnism has been lifted free of 
pallet 12(3), platforin 471 is shifted to the right in the X axis as illustrated by the arrow "H" in Figure 27(3) by means 
of a pneumatic drive motor 472. Platform 471 ts suspended from a stationary tower 473 and mounted for reciprocal 
movement along track 474 by means of a column tower 475. Platform 471 is shifted in the direction of arrow "11" in 
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order to place the separated back curve r-c o-.e- c^sccsat receptacle 476. Sfmultaneousiy, a scrapper mech- 

anism -I?'? is elevated by means ota pneii'-a' r 4'£ to 3 position parallel with, and just below the surface of pry 
mechanism 448. The shiftabie piafforETi 471 is trien jhifieo in li-ie / axis in the direction of arrow "J" in Figure 27j bi to 
scrape the separated moid ciiive from the pry ftxt;.::?- -T^a ; 2„se - to thereby drop into the receptach? 476 and 
s be vacuated by means of vacuum line 480. Platfc m :s s'-:nev.; -r t-ie Y axis by means of pneumatic motor 481 
which IS ftxably mounted to piatforin471 Platforrn4~ ; a-io '-^K'-n-eo fy :ecipr!X3t movement on (owet 475 by nrteans 
of rails 482,483. 

[0219] Platform 471 ts then reciprocated back along the v g/^s tc .ts o- g.nsi position and then along the X axes to 
its original position m directions opposite the atiows ' S ar-a "h- :i:js-;aTeo m Figures 27(a) and ?7(b) The siidabie 

10 r-sm 4fi7 fi then vvithdrcswn by cirivc motor 4^0 and the- pry ir-ecnanism 44S is allowe-d io lower into position above 
paiitt 12('it whiitL sti-^pi-Cf motur 465 rctumt. shaft 449 and the pry mecham&m 448 to their original ontntation Laser 
400 IS then enerijct-d tc h^at the i^econd lovv of mold assemblies in pallet 12(a), and pallet 12(a) is then advanced 
into 8 pry positic n by mems of lecfprocating block member 184. Pallet 12(a) is constrained through the demofding 
apparatus on conveyor 32if) by m^ans of rails 450 and 461 which prevent vertical movement and any pitch, yaw or 

J5 roll of the paiiet during the demoiding operation 

[0220] The second of the two embodiments for heating the back curve and demoiding the moid assembly uses steam 
so as a high energy heat source. The mold separation apparatus of the second embodiment generally comprises t*vo 
esserttiaiiy identical steam discharge apparatuses and two as,sociated demoiding assemblies, shown as boundary box 
90 in Figure 8(d) for accomplishing the simultaneous demoiding two parallel lines of a plurality of contact tens molds 
each containing an ophthalmic lens therein. The use of two paraiiei tines increases the throughput of the production 
line. The dual walking beam conveyors 180(a), 180(b) carry individual pallets, generally illustrated between blocks 184 
2S (a), 184(b) for registration within each tvs'eive of the demoiding stations 

[0221] As tiiustrated in Figure 8(d), the duai walking beam conveyors 180(a), 180(b) comprises a parailei set of 
tracks, each track including a pair of tracking ribs for mating with respective grooves 28(a)formed in the pallet 12, The 
paired set of ribs and respective interlocking grooves 28(a) keep the pallet aligned as it is being conveyed within the 
demoiding apparatus, and. as wiif be explained in detail beiow, prevents any vertical movement of the pallet 12 relative 
30 to the conveyor The biocks 1 84 provide suitable registration means for precisely locating the pallets along the conveyor 
path for the demoiding step. 

[0222] The demoiding assembfies of the mold separation apparatus 90 each physicaffy pry the back curve moid half 
30 from the front curve half 10 of each contact lens moid 11 to physically expose each contact iens situated in the lens 
mold for conveyance to a hydration station (iiiustratsd schsmaticaiiy at 89 in Figure 8(d)) for hydration of the ienses. 

35 The prying process occurs under carefully controlled conditions, as will be exf^ained in detail below, so that the back 
cufve half 30 will be separated from the iront curve half 1 0 without destroying the integrity of the lens 8 formed in the 
lens mold as schematicaiiy iiiustrated in Figure 29. To accompiisf) this, the mold separation apparatus ftrst prepares 
the back curve haif 30 of each lens moid assembly to enable quick and efficient removal from its respective front curve 
10 by applying a predetermined amount of heat, preferably in the form of steam, to the back curve haif surface. 
[0223] Figures 30(a) through 30(d) illustrate figuratively and in partial cross-section, one demoid assembly and a 
single track 180(a) having a pallet 12(a) of moid assemblies thereon. The demoid assembly includes reciprocating 
beam 526 carrying a steam discharge apparatus 526 with eight steam discharge nozzies, two of vWiich are illustrated 
as 527(a), 527(b). in the practice of the invention a separate demoided apparatus having a second set of nozzies is 
provided for the second conveyor track 1 80(b). The steam discharge assembly 528 includes eight steam head noszles 

4S connected to a distribution manifofd and a steam heat source (not shown), so that steam may be simultaneously applied 
to each of the moid assemblies on the paffet 12(a). To apply heat, the rectprocatfng beam 526 fs lowered fn the direction 
of arrow "A" in Figure 30(a) so that the steam head nozzles precisely engage their respective mold assemblies for 
applying steam at a carefully controlied temperature and duration. Figure 30fa) shows ontv two steam head nozzles 
527(3 J,(b! in engagement with the mold assemblies on pallet 12(a). 

50 [0224] As ?li'^>An in the gt^neial fiont plan viesv of Figure 33, each steam dis-charging apparatus 528 geiie>iaii> com- 
pniPi. .J piurjlitv <.f inUividu.3l no7::le assemblies 527 each mounted in each ^ppardtus 528 .:it fi^ed ioc.jtioni. corre- 
sponding to the location of f-ach l^nss moid asbsmbiies seated in the pallet 12 1 hui, in the ptefened embodiment 
there are eight i&i indixidual no::zie assemblies 527 positioned in each discharge apparatus 

[0225] bach steam discharge appaiatus c5nd ihp noz^lr assemblies 5^^ thstein are- mounted i>->! h='Cif.io>-alion on a 
ss fust mounting pi ilforni 52C ■J^ut'-h movs;=; in a plane transverse to conveyors 180(aUbt Thu first mounting piatfonn 
o2o IS caused to vertically reciprocate oetween a first upper position illustrated m Figure 5Qid} for a duration of time 
tc =illo>w the pallet 1 J cariving the lens mold assembiies to be registered beneath the stt-am discharge 3pp.=!iatus 6 Jib 
and, a second iowsreid position illustrated in Figure 30(a) whereby each nozzle assembly 527 is registered m sealing 
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proximity with the surface 34 of the baci< curve mofd portion 30 to direct steam at the surface. The mourttfrtg platform 

526 is rectprocally driven by a plurality of screw/mft assemblies driven by a servo motor. 

[0226] A d6{L=t(ied front «-!evat(onii( view of steam discharging app;!ra-L;s 52S ^s iilustrcttfd m higute ;>2 and shtwi. a 
cover assembly 650, a steam distribution manifolci 630 located immediafeiy beneath cover assembly 650 for distrfbutmg 

s steam from each of tsvo steam intakes to the eight indivicJuai steam mzzle assemolies 527. a condensate mantfoid 
640 locaied Irnrnediatsiiy beneath steam distribution manifold 6rO -or :v;r--c:v:r'.3 a. id !(;(.5iildtin(.3 (iie st-^am preh'^l.||e 
applied to the bac(\ cuive lens moid surface durma Siles^^ ::-:-:p;nc;?-r-:-:er;-: snd s retair.tng platw 650 for Fct^iining the 
individuai steam discharge nozzles 627 and W^'O ste-s^" intake vaives S65: b :. SoSia) in the apparatus The steam intake 
valve 675{b) (and 676(a)} communicates with steam intake pipe 670 via plenum 669 to provide pressunzed steam to 

« (he st«am dtstribufton mantfoid 630. .Additionaily a vacuum source (not shown) is connected vta suitable ptpmg 672 
to the condensate marsifoid 640 at input 671 to evacuate the steam and to regulate the steam pressure appfted to the 
baci< curve iens mold surface during steam discharge 

[0227] Atop plan view of the steam distribution manifold 630 of 4tea:'p .:i;s.: r-;:;:;;--- <irpar3tus 528 is illustrated in Figure 
34. As shown in Figure 34, the steam distribution manifoid 630 is provided with a set of eight hollowed bores 660 that 
J5 each seat a respective steam discharge no22le assembly 527, and hollowed bores 666{a),(b) that seat respective 
steam intai<e valves 6?'6(a), 676{b). Each bore 66e;a ■ (b; -i provided with four (4) conduits 668 that extend therefrom 
■and communicate with a central axial bore of a respect:v6 indivtduai steam discharge Dozzfe assembly 60 to provide 
steam to each nozzle as will be e.>ipiained m detail below. 

[0228] A top plan view of the condensate manifold 640 of steam discharge apparatus 528 is illustrated in Figure 35. 

Sff As shown in Figure 35, the condensate manifold 640 is also provided with a set of hollowed bores 661 each in axial 
alignment with the bores 660 of the steam discharge manifold, and botes 5&6(c},(d) in axial alignment with the bores 
666(a),tb) of the steam discharge manifold for accommodating respective steam intake valves 676(a), 676(b). Each 
bore 666{c),(d) is provided with four (4) conduits 669 that extend therefrom and communicate Vv'ith a hollowed annular 
ring of a respective individual steam discharge nozzle assembly 572 for removing steam, as will be explained in detail 

2S befow. The condensate manifoid 640 also defines a channel 665 that connects the vacuum source at input 671 with 
fourofthe hollowed bores 661 and the hollowed annularnngof a respective individuai steam discharge nozzie assembiy 

527 when seated therein. 

10229] A detailed cross-sectional view of the steam intake valve 676(b) {676(a)) is shown in Figure 36. Steam at 
100*C is input from a suitable source, as indicated by the arrow "B" in Figure 36, through central axial bore 641 and 

30 distributed to radial bores 651 that are radiaily aligned with conduits 668 of the steam distribution manifoid 630 when 
the valve is seated therein. Thus, steam is distributed from radiai bores 651 via the conduits 668 to each of the individual 
steam discharge nozzles 527. In an alternative embodiment, the radial bores 651 may be replaced with a hollowed 
annular bore 651 that communicates with the central bore 641 of the steam intake vaive and each of the conduits 668 
of the steam distribution manifold. Steam Intake vaive 676{b) {576(a)) is provided with a circumifersntiai annular indent 

35 659, such that, when the valve is seated within the discharge apparatus, the indent 6S9 is aligned with four of the bores 
661 and channel 665 and each of the conduits 669 of the condensate manifold 640, VW)en the vacuum is applied to 
input 671 to relieve the steam pressure within the manifold, the alignment of the piping 665, indent 659, and conduits 
669 assures that the vacuum will be supplied to each of the discharge nozzie assemblies 527. A set of O-rings 677 
(a).(b),{c) surrounding the periphery of the steam intake nozzle 666(a) {666(b)) are provided and may be formed EDPM 
or other suitable poiymer to provide an air-tight seal when seated within the respective manifolds of the discharge 
apparatus. 

£02303 A detailed cross-sectionaf view of an individual nozzie assembiy 527 is shown in Figure 33, The nozzie 527 
includes a central axial bore 641 that forms a discharge orifice 642 located at the bottom 661 of the nozzie for dis- 
charging steam received from the steam distribution manifold 630. As mentioned above with respect to Figure 34, the 

4S central axial bore 641 of a respective individual steam discharge nozzle assembly 527 receives pressurized steam 
from a respective conduit 668 of tiie steam manifoid 630, Surrounding the centralized bore 641 is a hollowed annular 
nng 671 having a plurality of bores 643 extending therefrom, two of which 643(a), 643{b) are shown in the view of 
Figure 33, and which terminate in venting orifices 544(a), 644{b) located concentficaiiy around dischatgs orifice 642. 
The annular ring 671 of each nozzle 527 communicates with bore 661 and a respective conduit 668 of the condensate 

50 iTtanifoid £40 so that the vacuum frotrt the vacuunrt source will be supplied to the bores 643(a).(fa) of the nozzle 527 
ijuting operation, the venting orifices 644(a},t,bi will simultaneously exhaust the steam when steam is applied to the 
back cui ^'e lens mold surface through discharge orifice 642 

[0231j The physical dimensions of the nozzle assembly 527 are best illustiated tn Figute o3 it comprises essentially 
a cyhndncal upper end 662 having the discharge steam inpuT orifice at the top suifa'^*^ ther<^nf ft. cylmducal lower end 
ss 561 that IS smalk-t tn dumeler thai the upper end has the discharge orifice 642 and venting orifices 644(3 1 (bt Thw 
diameter of the nozzie lov/erend is configured so that the discharge 642 and venting onfices G4-1(a} tbUhereof protrude 
v^ithin the concave suitace 34 of the back cui\& iens 30 as shown in Figure 30(a) so as to dnect steam diiectiy at the 
back cutve surface. The length of the nozzle that protrudes within the back curve 30 is approximately 1 mm - 2.5 mm. 
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[0232] AJso shown in Figure 33. surrounding the peripherv of the mzzle upper and iower encfs are O-rings 663(a), 
(b) (c) that may be foimed ot EUPM or othei sutf = » . 3 > e '2 c 2 ding an air tight seat when the nozzle 52? is 
situated vvrthfn {he hollowed bores of the steam ana conaens.Gte mGniioias 630.640 of the mounting head assembty 
'^C7i^-'Hbj ^*.s di^s'^rihed in greater detail bolovs V -'^ —zz - pmcat^^d to th(^ back curve mold half 30 

? the 0-nng6','3ic^ofth§ iower nozzie end 661 foi r-5 i s^? —^-r-^.-e 5. ■• ace J 1 of the back curve 10 as ittustrated 
in F ijure dO{a) Jh-^ bpa! crpa(e>3 b'JtWff-n th^ .~ ' . - - - = n s .'■.i- mok'- nej'fe-s a h(-<5titic.3 rh<5rnbf-f 

t-etvvfcen the no^^ie and the b^ck cur^'f^- --^".'-vv v*v-.-t,-jf discharge f'lttiiv 642 to bf 

uniformly distributed along fne outer surDceS-^"' -rac- --"j:; ■^--ece'-sufinganeyentemperatureproftie 
alon 3 that portion of tht! back curve len<^ rno"i r -f,? j-t>=' ? a'V^f i.nnt^aien> Thui a unifofrntemperature 

fo ofddi«n{n cK.stedt" tAc n thf' baokcu^':- IfOb mokJ s"*^ the conidjt kns 101 to aid tn the sf*[. .srdiion of 
th: ioii!. inoli 30 from Ih: runt<3t{ 101 tri thy mold i^-^p?"' .on apparatus 00 FuflnPuncK Ih: vjruttm exhaust 
ports cUlfat idt ^nd the O itngs 663tc) tand the i,eai created V'lth the bai-k cur^e lens moki surface! pievent water 
C3nden';r1i0tift0tink>!ming on the back cuivp mold surface PVeferabty, steam at 500 C isdischnc edfoi af pr^'^iinjit^iy 
2-4 si^conds V\itn the venting orifices 664fai,(S5' simultaneously removing thf^ steam from tn-^ l-^ns mold surfai e 

« [0233] As fllustiated in Figure 32 the cover assembly 650 of the steam disctiaige apparatus includes boies tor 
ac'.oinmodating one or moir^ he ^tt-i cartridges tnot shc^ ^ > c \ ■'C' on to keep the nozzles ' at a temperature 
that will pievent Aater cotidt-tiscttion from fiirmtng on the ^ozz e-., ' :t- and to assist 111 prpvfnting watet condensation 
from fofiTting on tne back curve surface 34 Preferably, the temperature of the heater cartridges are programmed to 
tik Hitain thet<;mperatuie of the nc^zle at 100"C or greater The cover assembly 650, as illustrated in the fror^t eleva- 

£> tiouial view of Figure ?>2. accornmooates two heater cartridge tniets 653(a),<b) with the cartridges therein connected to 
suitable heater cables 656fal(b). 

E0234j As 3ho»vn in Figure oOi a i during tne time the stea^^ d sc^arge noz::les527(a^ 527(bUhereot discharge steam 
to the back curve of the individual lens molds, a set 530(a), 530(b) ot pry fool are extended by pneumatic drive motors 
532 533, as indicated by the arrow 8' for insertion behveen the gaps formed between the respective fiont and back 
2S cun/es for each of the four lens molds situated on one side of the pallet 12(a). Likewise, a secoiid set 530(c),53G{d) 
of pry tools are extended by dnve motors 534,535 in the direction of the atrow "B"' for insertion between the gaps 
formed between the respectr^e front and back curves of each of the four lens molds situated on the opposite side of 
the palfst 12{a). 

10235] Next, as ilfiistrated in Figure 30(b) after discharging the precision controlled amount of steam, the steam 
30 discharge assemblies and the steam nozzles 627 are retracted by a pneumatic drive as illustrated in Figure 30(b) by 
the arrow "D", this enables a suction cup assembly unit 590 to align with the paflet 12(a) as shown. As shown in Figures 
37-39, each suction cup assembly 590 contains eight suction cups (generally indicated as 585) for precise engagement 
with a corresponding back curve mold assembly on the palfet when the steam discharge nozzles 527(a).(b) are re- 
tracted. 

35 p)2363 As illustrated in Figures 37-39, the suction cup assembly unrt 590 shown in Figures 30(b)~{d) is mounted on 
the movable platform 582 and both reciprocate in both honzontal and vertical directions with respect to the paiiets and 
moid assemblies. As shown in the detailed view of Figures 37-39, each suction cup assembly unit 590 comprises a 
mounting unit 588 having legs S89(a},(b) that accommodate suction cups 58S positioned in a one-to-one correspond- 
ence v/ith the indlviduaf contact lens mold assemblies of a respective paliet. Thus, as liiustrated in Figure 38 each leg 
589{a),(b) has four (4) suction cups 585 that are spaced apart for gripping a respective back curve lens mold. As 
mentioned generally above, each suction cup 585 of the suction cup assembly unit 590ta),< b) vacuum grips a respective 
back curve 30 of a corresponding lens mold after the prying operation described in detail below. The mounting unit 
588 and the legs 5S9{a),{b) thereof reciprocate aiong fixed guided mounts 582 by conventional pneumatic means. The 
vacuum suction is provided to each of the piuraiity of suction cups 586 via conduit 691 shown in Figure 37. 

4S [02373 In the preferred embodiment, the pry tools of demoiding assembly 90, shown in the diagrammatic elevation 
views of Figure 31 are more fuily illustrated in plan view in Figure 31. As iliustrated. two paired sets of pry tools 630 

(a) -(d) and S40{a)-(d) each arranged on opposite sides of respective pallet conveyors 180(a),180(b). As shown in the 
Figure 31 , the first set of pry fools 530(a),< b) and a second set of pry tools 530(c),{d ) are located on respective opposite 
sides of the conveyor 180(a) to enable the removal of the back curve lens mold from the front cur\/e for each of the 

50 eight tens mold assemblies situated in a nsgistered pallet 12 as represented by the phantom center lines on conveyor 
180fa). Each set of tools &30{a},(b) and 630(b),{cj include upper and lower fingers which separate vertically, one from 
the other in a manner to be herewith described in detail. Upper pry tool 530(a) includes a plurality of fingers 516 that 
form four bights or lens receiving areas 570, and lower pry tool 530(b] includes a plurality of fingers 515 that form four 
bights or lens receiving areas Similarly, a first set of pry tools 540(a).(b} and a second set of pry tools 540(c). (d) are 

ss located on r«;speclive opposite side:S of the conveyor 180(b) to enable the removal of the back cuive lens mold from 
the front curve for each of the eight lens mold assemblies situated in a registered pallet as represented by the phantom 
center lines on conveyor 180(5). The description that follows is directed to one paired group of pry tools, e.g., 530(a), 

(b) and &30(c),(d) but ft is understood that the following description applies equally to the other paired group of pry 
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toois 540(aHd) for the pallet conveyed on conveyor 180tb), 

[023S] As sl iown in the detailed side view of Figure 29 and Figure 30(a) the top group of pry fingers 516 is situated 
directly above the bottom group of pry fingers; 615 and mey be simultaneously inserted into the gap "A" iiiusirated in 
Figure 29 defmed befeveen the circiimferentij.; fisr-^e pon-o-^ ?5 of the back c^Jr^^e 30 and the circumferential edge 

5 portion 1 8 of the front cupye 1 0. The top and t^onorn nger?. 5 ' 5 Z- ■ 6 of pry tools 530(a),(b) are further reciprocable in 
a vertical direction with respect to each other to perform a prymg operation, as vvtll be explained in detail beiow. 
[0239] As further illustrated in Figure 30(a), each set of pry tools 530i s),(bi are inserted m a nnanner such that fingers 
515 thereof of a bottom set of the pry toois anchors the annular flange portion IS of the front curve of the lens mold to 
the surface of the pallet, and that the fingers 516 of a lop set of pry toots by action of a vertical dnve means will lift 

■fo beam 526 in the direction of arrow "C" in Figure 30(c) wfiicfi will then vertically separate (Figure 30{c) and (d)) the back 
cuive mold portion 30 of the mold assembly from the front curve moid portion 10 without destroying the integrity of the 
contact lens, or either of the mold parts 

[0240] During the mold separation step ilius'ratsd In '■■■:g^;re ?0(c), vacuum siidion for the suction cup assembly 690 
ts activated, snd the top group of pry toois 5?rj:3 ;,530:c:- having a plurality of fingers 51S illustrated in Figure 31, are 
« caused to separate from the lower group of pry too^s 530; c :■, ?3 j!d) by a verttcaf drive means to bias the circumferential 
flange of each of the baci< curv'e molds 30 away fr&nn -^acn .-ittne front curves 10 which retain a respective contact lens 
therein and are anchored by the lower group of pry fingers 515. 

[0241] As illustrated in Figure 29. the use of a controlled lifting motion betv^een pry fingers 515 and 516 tends to bow 
the convex portion inwardly which will initiate a bilateral separation of the back curv/e lens, as denoted at 8(a) and 8 

so (b) This, in trurK initiates a standing wave 8{c} in the material which travels ciownwardly along the convex surface of 
the bacl< cnive mold half If the upward n-iovernent of the back curve rnold half does not exceed the downward propa- 
gation rate of the standing wave in the material, then the back curve will be lifted cleanly without tearing the lens. 
[0242] As the back cun/e is lifted free, it carries mth Ft the HEM,A ring 13 which may be preferentially retained on the 
back curve by means of corona treatment of the bac!< cur\'e flange 36. or by surfactant treatment of the front curve 

2S fiange 18. 

[02433 T^ii&> the back curve lens molds 30 are effectively removed fromtheir respective front curve lens moid portions 
and retained by indivtduat suction cups 585. 

[0244] Finally, as illustrated in Figure 30(d), the upper and iower sets of pry toois 530{a),530(c) and 530{b),530{d) 
are retracted laterally in opposite directions indicated by the arrows "E" and "F" in Figure 30(d), to allow each pallet 

30 12{3) now containing up to eight front curve lens mold portions and a respective contact lens therein, to be conveyed 
out of the demold assembly by the dual walking beam 180, The suction cups 585 retain the corresponding individual 
back curve moid pottions for disposal. Specifically, the suction cup assembly 590 is retracted to its original position 
and the vacuum may be removed therefrom so asto reiease the removed back curve lens mold portions. The separated 
back curve moid parts are dropped in a fain at the retracted position, and evacuated by a vacuum line (not shown) for 

55 disposaf. 

[Q24S] After the mold assemblies have been separated in the demold apparatus 90, each pattet containing tf>e front 
cuive moid fjalves with an exposed poiymerized contact lens therein, is sufssequentty transported to a hydration station 
for hydration and demoiding from the front curve lens mold, inspection and packaging. As shown in Figure 8(d), a dual 
pusher 202 having retractable arms 202 is provided to translate the motion of pallets 12(a) from each transport carrier 

•40 of dual walking beam 180 to conveyor 31(d) for transport to the hydration chamber. Prior to transfer to the fjydration 
chamber, the integrity of the mold halves contained in tfie pallets are checked to determine if any en'ors have occurred, 
for e.g., if a back curve mold half was not separated from a corresponding front curve mold half The palfet is first 
clamped between upstream clamping jaws 207(a),(b) where the pallet is appropriately sensed to determine if any error 
is present. If an error itidicating that a paiiet should be rejected is found, that particular pailet and the contents therein 

4S are transferred from conveyor 31(d) to recirculating conveyor 31(e) by pusher assembly 80 as shown in Figure 8{d). 
The ciamping Jaws 207{a),(b) release the rejected pallet and the pusher arm 80 pushes the pallet to recirculating 
conveyor 31 (e) where the rejected paiiet ts conveyed back to the fi-ont curve supply conveyor 27. As mentioned above, 
the contact tens production line factlity Includes a suction vent apparatus (not shown) for removing the mold assemblies 
from the rejected pallet 12i at while being recirculated back to or while on the front cun/e supohj conveyor 2" 

50 [0246] If the pallets containing the Jemulded contact lens assemblies aie not lejected they are alternatelv olamped 
by clamping [aws 1 0 "(^.3 1 (b) and ar*:' -x n^ eved as pairs by conveyor 31(d) to transfer pnshei .jssembiy ?.0o for ttans 
ft-rence to the hvdtation assemoiv S9 Fnoi to entering the transfer pusher 206 th^- upstieam clamping jaws 209ia' 
(bitemporanly clamp a pallet to enable a pairof pallets to accumulate therebehind. As controlled by the control means, 
the clamped pallet aie released to enable two callet? i/(ai !?(a ; to b« toiwardly conveyed toi ahgnms^nt i^^ith recipi- 
oc ihle piiah-'T aim 210 of trjiisf-^r pUi=hs;r20B Diive rnwans211 then enables pusher jrm 210 to piiahtrii=- Is^'o pall>='ta 
to a transfer apparatus 215 and specifically a pallet 21o having aflat plate portion 2't9 that accommodates up to four 
pallets, foi transfei of the mold ai.sf!nblies therein to the hydration chamber 89 After the fust set ot pallfts is pl3v.ed 
on plate 21 9, the pusherarm210isreciprocatedtoitsorigin3lposttion to receive a second set of two pallets. The push 
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f5(m2in! thp>n enabled to fnput the second set c' 
ttrt Set ot pdilets to advance on the piate ^-tguieo - 
tour pallets that have been pushed thereto by pusner arm 
[02473 As shoxv-n in Figure 8td) the tian^fet pallet 2 " 
21'^i'i!(b) In steady state operatron stiitabledn » met 
rying tout p=3lleL tc move atni^s tf jck^ 21°(-^i bi m tr^- 
hydration chamber assembly 89 until it reaches the nydra: 
ofthid front cur p t (.1 i i einoiip* urt ntng n ri ^- 

tll-' t!<5n>f»r t-'rfllet !»^< he', tntr- t'- r 

'^n t , actiJt'fco fc rnni. i up ki thirty tv. >*r-- * ^ 
pdlkt 216 -jno trsrisf ^r thtnitc in<3Pi,Kpi . ^ 
The transtei pallet and pk=ite 2! J (.auvmg rn c*, 
direction indi ate j by r-iKs' M m F tqure ftid; ba k to it^ 



- - * I- plate 219 of transfer pusher 216 causing the 
- ' " « portion 219 ottranbtwr pallet 216 containing 

.'lu nvo DaiK^is at a time. 

tnoiinteo tor reciprocating honzontal movement on tracks 
not Shown! enables transfer pallet 216 and ptate 219 car- 
.•-dby-3now K m rtqur.- Hi ji k\' itd the 

n ^■^■ifmt-iv trari'^ff^'r pnmt 21*^ilr'i ffft-i tivf tran^fw 
- -<=^ " the rydratiun ch=imbprt=ikps plaice After 
V. '-^ nidtu^ nmt >h(j 111 ot hv irdtwn a-'^fmbl/ 
old portions at a time froi^i the four pallets on the transfer 
" = it ^rs tht; mdtn>. Ir i ic ioni^od cjtt r bcjth 
5ts '1 2(3! nov%' reciprocates along tracks 218{al(bi m the 
3 m. c osttion Th-^- -^-moty pallets :ire r-^mo 'e i from plate 



219 on to the r-^turn i onvpyor 31ifi V\hen th-^ mc^minc ^-8" o '■■^ / palletss ontainmq front un -^t. are f utihed into the 
plate by pusher ami 2in oi-.^'i.iftcallv puishei arm2!0pus^"c'^a^''<;''^etofne\<'p illP'ts t^t n on thf* plate 21y to cau'=;e 
the first set of tuvo empty pallets to exit the plate ^19 and enqage the conveyor 31 (t) tor recirculation back to the front 
curve conveyor pn.l' uf point Lil-f- ube push-^-r urn 2 ■ p 3Se on d --Pt •^f new pallet'- 12 a tin the oldtf^ 2 !9 
V ntcn causj(=>& the first sttof pr<=>\ lously positioned nes pa e <= =ince cn the plate 219 and «nab!f> the sj(=>cond "et 
ottwc empti, pallets tc e<ttthe |,ldte 2 1'^ and engage the e-ci 31(fl fot recti culation to the front cur e h<to\.\\ pi-k 
up point 

or 31(f) conrsftcts with the front cutve supply conveyor z7 to 
ck-up point. Suitable pushing means 222 having reciprocating 
svor 27 where they are conveyed to the front curve injection 
rve iens mold haives in the manner described above. 



[0248] A illu<-trat.\< in Figure 1{di ttir> r.-^tim 
return the empty pallets two at a time to the fron 
push arm 224 pushes the pallets onto the sup 
mold fj-jsemtlv 20tj t^i ^1 t, ^ * 
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4S 

Claims 



1, An apparatus for the automated molding of contact ienses from a polymerisable hydrogel, said apparatus com- 
prising, 

50 

ia) a transport means (27, 29 1 for transporting a piuraiity of contact lens molds to and froma plurality of stations, 
each of said contact tens mold? nsvi-;; r/'fT arA se-:o;:;; nx" ci t.-3:Ti ; \0. ?-0). 

ib) a first automated station (53) fot receiving 3 p!U.'ai:ty of U(st moki parts (10) and depositing thsiretn a pre- 
determined amount of a polymerisabie hydrogei; 

ss (ci a second automated station f55) for recfeiving said plurality of first mold parts (10) and assembling each 

first mold part (10) with a second mold part f 30) to define a contact lens mold cavity ( 101 ) and to retnove any 
excess hydroge! from said cavity (101 ), 

id) a ftrst means for clamping said first mold half (10) against said second mold half (30) for a predetermined 
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pressure and time; 

(e) a radiant energy source {314)for poiyniisrizing said poiymerteabie fiydroge! in said cavity (101) after said 
first and second haives (10, 30) are damped together; and 

(f) an automated demoiding station (SO) for removing said second moid part (30) and any excess hydroge! 
s from said first moid part (10) and said mofded contact iens. 

2. Art apparatus according to claim 1, wherein 

the first means comprises a preoire station (60), said precure station (60) tnciudirtg the radiant energy source 
(314), the ratJiant energy source being for initiating poiymerkation througiiout the (ens; 
10 the apparatus further comprising means for poiymeiizing and curing said poiymerizabie hydrogei in said 

cavity (101) after said iens has been precored. 

3, An apparatus according to claim 1 or claim 2, said apparatus fttrther comprising: 

J5 a molding station {101a, 101b; for injection moiding fuiiy degassed first and second moid parts {10, 30) for the 

production of soft contact iens biani<s. 

4, An apparatus according to any one of ciaims 1 to 3, wherein the radiant energy is provided at a curing station for 
polymerizing said poiymerizabie hydrogei in said cavity (101 ). 

30 

5. An apparatus as ciaimed in Ciaim 1 or 2 or 3 or 4 which further includes a means (422) for degassing the hydrogei 
prior to deposit in said first moid part (10). 

6, An apparatus as claimed in Ciaim 1 or 2 or 3 or 4 which further inciudes enclosure means (24) for surrounding 
2S said transport means (27, 29) and said mold parts {10, 30) with art inert atmosphere. 

7. An apparatus as claimed in Claim 6 which further indudes first moiding means { 1 01 a, 1 01 b) for injection moiding 
of said fi rst and second mold parts ( 1 0, 30) at a temperature of at least 450 degrees F over a cycfe of 3 to 1 2 seconds. 

30 8. An apparatus as ciaimed in Ciaim 6 which further include robotic means (t03, 104) for transfer of said moid parts 
(10, 30) from said first molding means (101a, 101b) to said transport means {27, 29) and said inert atmospfiers 
within 16 seconds or less. 

9. An apparatus as ciaimed in Claim 1 or 2 or 3 or 4 wherein said second automated station (55) further includes a 
35 clamping means {340) for clamping said moid parts {10, 30) together whiie under vacuum to displace any excess 

fjydrogel and to Urmiy seat and aiign the mold parts (10, 30). 

10. An apparatus as ciaimed in Claim 1 or 2 or 3 or4 wherein each moid part (10, 30} includes a fiange member {18, 
36), and said apparatus further includes a station (54) for coating the Hange of said first moid part with a surfactant 
prior to assembly of said moid parts (10, 30). 

11. An apparatus as claimed in Ciaim 1 or 2 or 3 or 4 wtierein said first mold parts (10) are transported to said first 
and to said second automated stations {53. 55) on a pallet {12) by said transport means (27, 29). 

4S 12. An apparatus as ciaimed in Ciaim 11 vWiere said paiiet (12) includes registration means {28a,b) to cooperate with 
said second station (55) to register said pallet (12) pnor to assembiy of said mold parts {10, 30). 

13. An apparatus as claimed in Claim 12 wherein satd paiiet (12) includes a perimeter seal area (140) to cooperate 
fth a perimeter seai foimed at said second automated station (55) to enable assembly under \,acuiim 

50 

14 /^n .3pp3r,:itiii .jp ciaimed in C latm !! wheietn said transport means {?/ 29) turthet tnciudf^ si^-pji ate f .billets tj?l 
for said second mi^lo parts i30' herein sjid pallets (12) having first moid parts ( !0) ate interleaved with pallets 
{12j having second mold parts (30). 

ss 15. An apparatus as claimed in Clairn 14 wherein satd second automated station (55) cycles between pallets (12). 
picking up second moid parts (30) from a pallet (12) in a first cycle, and depositing said second moid parts (30) 
on said first mold pans (10) in a second pallet (12j ounng a secono cycle to assemote satd mold. 
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16. An ?ipp?iratu5> <5S claimed ir ^ - ^' - -^^-^ s-- c assembly station (55) futthtir ("onipnses 

n) ct hoLfstng nu mbet f>>[ i.Ltrtouno j r 'j,"z z : nd mold Octrts t ! 0 ?0i to thi [ei v > n^^i le v.i> Lnim 

to be drawn arounci saia parts i 10, 30); and 

(ti) third means for reciprocating said second mold parts (oQt along a reciprocattng axis to clamp said second 
inold ptjrt {3Ut T jrfinst idni fHiif mold pa' ^-'-'•^u!*; while- ^.^id \&.ttiini rf-nirfins 

17. Anappaiatubas claimed in Glrfim I6vi/hf5r^ir „ j; „a a- ) ^rfidthjid mf^nb rectpiocat? rflonj CrtMllel 
axes. 

IS. An apparatus as claimed in Claim 17, wherein said third means includes a separate r-eciprocaiing memberforeach 
second tTiofd part (30) carried in said pallet (12). 

19. An apparatus as ciaimed in Claim 18 wherein each reciprocating memijer includes a seating means for engaging 
said second moid part (30) and a vacuum port for drawing a vacuum bs^Afeen said reciprocating member and said 
second part to thereby enable said reciprocating member to lift said second moid part (30) from its associated 

pallet {12), 

20. An apparatus as claimed tn Giaim 19 wherein each of said reciprocating msinbers are separately biased from a 
common air plenum with respect to said third means to allow independent feciprocation and clamping by each 
recipfocating means a! a common predetermined pressure, 

21. An apparatus as claimed in Claim 20 wherein said housing member may reciprocate with respect to said third 
means, arid is restliently biased to a first position with respect to said third means, 

22. An apparatus as claimed in Claim 21 wlierein said resDient bias between said housing and said third means es- 
tablishes a predetermined crush bias between said housing and said paiiet (12) to maintain said vacuum within 
said housing during assembly of said mold parts (10, 30). 

23. An apparatus as claimed in Claim 1 wherein said first means includes a radiant energy source (314) for precuring 
said polymerizable hydrogel while said first and second haives (10, 30) are clamped togetiier, 

24. An apparatus as ciaimed in Ciaim 1 or 3, wherein said first means is mounted within and defines a portion of said 
assembly station, and said apparatus further includes a precure station (60), said precure station (00) Including a 
second means for ctampSng said first and said second mold haives ( 1 0, 30) together and a radiant energy source 
(314) for precuring said polymerizabie hydrogei while said ftrst and second haives (10, 30) are ciamped together 

25. An apparatus claimed in Claim 24 wherein said apparatus rther includes a control means for varying tie quantity 
of energy received by said hydrogei during said precure step. 

26. An apparatus as claimed in Claim 25 wherein said second means for clamping includes a reciprocating clamping 
member positioned between said molds and said radiant energy source (314). 

27. An apparatus as claimed in Claim 24, wherein said transport means (27, 29), moves said molds into resilient 
engagement with said resilient clamping member (340) as said molds are moved into an exposure position. 

28. An apparatus as ciaimed in Ciaim 24, wherein said resilient ciamping members (340) are mounted on said radiant 
energy light source (314) and said radiant energy iight source (314) moves said ciamping members (340) into 
resilient engagement with moid halves when said molds are moved into an exposur'e position. 

29. An apparatus as claimed in Claim 26 wherein each of said ciamping members (340) include an annular cylinder 
having an in annular diameter greater than the diameter of the contact lens to be polymerized. 

30. An apparatus as claimed in Claim 29 wherein said annular cyiinder is fesiltently biased into engagement with said 

mold. 

31. An apparatus as claimed in Ciaim 30 wherein said damping pressure is 0.5 to 2.0 Kgf. 
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32. An apparatus as eiaimed in Claim 28 wherein said actinic radiation is emitteci by an uftravioiet (amps at 320 to 390 



33, An apparatus as ciaimed in Ciaim 27 wherein said transport means includes a pfuraffty of fifting standards for 
s raising said pallets (12) into engagement with said second means. 

34 An CippriMUfi il'iinif'd in Ciriini 1 2 J f- c - 5' % "^j' ' i-ns molds tnciudeSi a ftfit mold hnlf (10^ rmd 
a second moio haif i30i each haif compriSipg a-^ -teg-a a-;c e -■'♦^ermoplastfc polymer transparent to ultrav'toiet 
h;3ht said artrltr ha-ing a central ouiv^d section ne'n ng a CDn<,a\e aUffrtCe a t.onvev suifrfC-^ and a (.iinila! 

10 cirounjfcrc rtti.il '?dcj'=' .at l<-.ast t!i« contial pottiori of at i-jast on«' of s..3id conusvf; !:.uft;Kf* an i ^.s! i x n^ ■vsttff.acc 

having tht- oinit-nstunt. of th« front ur baoK curvo respoctivciy of a conl.=iOt Itnt. b<- prodnof i iri s«io rnuld 
^Sbemtrlv and bt-ing sutficiently smooth that tfie su!tac« of a contact tensfoimed by potymenzatton of said polyrn- 
ft izdiblf ompositton m cont^sct with said surface is opticatty acceptable satd article also having an annular flange 
t13i integral with and s^urroundrng said circular circumferential edge and extending therefrom in a plane normal 

ts to the axfs of said concave surface, 

35. An apprifatus a- ( latmeo m Clatm 34 fn v\hich Sdch of said mold hakes sbo has a gpn'^^^llv tnanqulat tab {2L) 
Situated in a plane normal to said axis and extending from said flange { 18) satd article having a thickness sufficient 
to transmit heat therethrough rapidly and ngjdity effective to wrthstand prying forces applied to separate said mold 

so half from said moid assembly, said thickness ranging from 0.6 mm to 1.5 mm. 

36. An apparatus as claimed in Claim 34, wherein the surface of each mold half (10, 30) is essentially free of oxygen. 

37. An apparatus as claimed in Ciaim 34, wherein said thermoplastic polymer is polystyrene, 

2S 

38. An apparatus as claSmed in Ciaim 34, wherein each mold haif {10. 30) is of essentially uniform thickness. 

39. An apparatus as claimed in Claim 34, wherein the centra! portion of said convex surface has the dimensions of 
the back curve of a contact iens that can be produced by polymerization of a poiymertzabie composition in contact 

30 with said convex surface (16), and wherein said convex surface {16) is sufficiently smooth such that the surface 

of said back curve is of optical quality and can be worn comfortably in the eye. 

40. An apparatus as ciaimed in Claim 1. 2, 3 or 4, wiierein said apparatus furfiier includes a third automated station 
{54} located between said first and said second station {53, 55) for applying a surfactant to at least one surface of 

35 said first moid part {10), wherein said surfactant assist in the release between said first and second moid parts 
{ 1 0, 30) and enables removal of any excess polymer molding material adherent to said at least one surface of said 
first moid part {10). 

41. An apparatus as claimed in Ciaim 40, wherein said third automated station {54) inciudes: 

40 

{3) Stamping means including at least one stamp {238) being arnanged in spaced relationship above said 
transport means (27, 28)< said at least one stamp (238) being positionable in vertical alignment with said at 
least one first moid part {10); 

(b) means for coating said stamp (238) with a surfactant; and 

(c) actuating means for said stamping means to displace said stamping means downwardly to an e>rtent such 
that the surtactant-wetted surface portions of said at ieast one stamp (236) contacts said at least one surface 
of said first moid part ( 10) so as to impart a coating of said surfactant thereto. 

42 An apparatub as claimed m Clatm 41 ^vherein said third station (54)ftjrther includes a pad member (240) containing 
50 a suifactant which li inteipy?dble hehAeen said stamping means and said at ieast one first mold part (10) and 

means toi dttpla'^in^ s.jn p.jd membei k?4C) from the interpositiontheneof in said apparatus between said stamp- 
ing means and satd it le ist on^- ttrst moid part (101 

43 \n appaiatni, a% clatm«d in Claim 42, wherwtn said third stalion (;54,) inciudes operative means for alternattngiy 
ss positioning said pad member (240) beneath said stamping means and withdrawing said pad member {240) from 

sard location in sard apparatus to enable said at least one stamp (238) to advance downwardly into contact with 
said at least one surface of said at ieast one first moid part (10). 
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44. An apparatus as claimed fn Clasm 42, wheresn safd pad member (240) comprises a porous pofyethyiene member 
having an average 10 micron pore size, said member (240) being impregnated with a solution containing said 

suElaciant. 

45 An af.pai3tus as ciaime in Ciaim i ^ i.- - =^3 J pi rons poiyethytene member facing said 
.j! lejst one- btanip of SdM strfinpinc - - ' ^ -3^ t' a mesh size with opening of about 
1.2 microns. 

46 An dppatatu^ ab Oaarmfi m l^tm 4t> \ nt^ " - - "-^^j controls the amount of surfactant wicked througii 
< .a! 3 ni('int T ( ?4U I and ="<p<>llc d upwatdiv ti-iiou jh - ,n6 Met (244) in tesponi© to pressure exerted thereon upon 
btL mq t. ruitai. ti-^d bv --jid at ka^t on ^ tainpt:;'^2t o as. to deposit a pfodetermined quantity of sj3td surfactant on 

tont^ ^tinq ^uit^ p rtionsots i at !<-a ' ^i'^ 

47 An pp latu-. ^t. Hatmt- m C - = said at ieast one stamp (238) con- 
tacting sata paa member (^40) tor assuming surfactant therefrom is constituted from a compound comprising about 
9u% urethane ana 10% silicone. 

48 An ai.pcjratu': f laimed in Claim 4 1 wherein a o'l ra ■*> cf «a!d tir t moid part's (10) are mounted on a pallet {12) 
earned Li todi tian=[,ort means t^'' ^9^ ea-h ^aiJ f s cid part ( lOt compnsing a front curve (18) for molding 
a hydrophilic polymer contact lens and an encompassing ^nanqe portion (18). each said mold means being oper- 
^iturly aliqnrd V ithr-^bptftivtl\ on« said otain. ^"a "■ contact benvt^en said front curve and an associated 
stamp (2j8.i transfers a thm film of said surfactant to a facing surface on said flange portion (18) about said front 
fun'< fiom-atC^t nirnJCo theii-by fdcilifa^ i^* e end meld part (30) compnsing a base curve for 
saia iens and a nng of excess molding materia! adhesively deposited on the surfaces of said flange portion, 

49. An apparatus as claimed In Ciaim 1, 2. 3, or 4, wherein said transport means (27, 29) includes: 

(a) one or more pallets (12) for carrying one or more contact iens molds throughout the apparatus, said pallets 
(12) having one or more first recesses (130) formed in a surface thereof for receiving either one or more first 
moid halves {10} or one or more second mold halves (30) prior to assembling said contact lens mold; and 

(b) conveyor means for transporting said pallets (12) from station to station throughout said production line 
facility, 

50. An apparatus as claimed in Ciaim 49, wherein said transport means further includes registration means formed in 
said pallet surface for enabling precise positioning of said padet (12) at one or more automated stations in appa- 
ratus 

51. An apparatus as claimed in Ciaim 49, wherein each of said first moid halves (10) and second mold halves (30} of 
said contact lens mold assembfy includes an annular untpianar flange portion (18, 36). 

52. An apparatus as ctaimed in Claim 51 wherein each of said lirst recesses (130) further includes a recessed flange 
area (130a) for accommodating said annular flange {16, 36) portions of either said first mold half {10} or said 
second mold haif (30). 

53. An apparatus as claimed in Claim 49, wherein each of said first moid halves (10) and second mold halves (30} of 
said contact fens mold assembly includes an uniplanartab portion (26) extending from said annufarflange (18. 36). 

54. An apparatus as claimed in Ciaim 53, wherein each of said first recesses {130b} further includes a recessed tab 
area {130o} for accommodating said tab portion (25) of either said first moid half (10) and complemeritary second 
mold half (30) to normally seat said moid halves (10, 30) in a predetermined orientation within a respective first 
recess {130b). 

55. An apparatus as claimed in Claim 49 wherein said conveyor means includes a rail means for guiding said pallet 
(12) throughout predetermined portions of said production tine, said pallets (1 2) including indentations for engage- 
ment with said rail means while being transported. 

56. An appatatus as claimed in Claim 55 wherein said conveyor means includes a vi^alking beam for driving said pallet 

(12) along said rail means. 
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57. An apparatus as eiaimed in Cfaim 49< wherein said conveyor means irtcfudes a sirtgfe beft means for seriaify 
transporting paiiets {12} for predetermined distances along said prodyction fine. 

68, An apparatus as claimed in Claim 65, wherein said conveyor means includes a ram means for pushing said pallet 
(12) for predetermined distances aiong said rail means, 

59. An apparatus as claimed tn Claim 49 Vvhere^r-. sis/j xn-'v v-r ^^.- nr-i comprises first and second beit means fof 
simultaneously transporting a respective first series an-i -sevor.c s-nes of pallets {12}, said first belt means con- 
veying said first series of pallets (12) carrying said first rnold halves (10) and said second belt means conveying 
said second series of pallets (12) carrying complementary second mold halves (30) for conveyance thereof 

60. An apparatus, as, claimed in Claim 59 wnetein said trsnscort means further includes sequencing means for posi- 
tioning 3 pallet (12i canyin;:: s^ii--^ f:r'-:t rno;;: i-stv?; ili.'-; f.-om said first belt means adjacent a pallet {12) carrying 
satd second mold halves ;3C:; x:;;;; !.\ :; :v :\-':3 and enabliog said adjacently positioned pallets (12) 

to be conveyed on a third belt means through said apparatus, 

61. An apparatus as claimed m Claim 59, which further includes accumulating means for enabling a senes of pallets 
{ 12) to accumulate on said conveyor means for batch processing at predetermined portions of said production line 
factllty. 

62. An apparatus as claimed in Claim 61 , wherein said accumulating means for enabling batch processing throughout 
predetermined portions of said production fine facility Incfudes a clamping means at a downstream location for 
stopping motion of one or more paiiets focated upstream of said clamping means to enable accumulation of paiiets 

{12)ther8behind. 

63. An apparatus as claimed In Claim 62, which further includes ram means for enabling sequential transport of said 
paiiets (12) on said conveyor means after batch processing thereof. 

64. An apparatus as claimed in Claim 60, wherein said second moid hafves {30) are removed from said second series 
of pallets (12) for assembly of said contact isns mofds at said automated assembly station (55). 

65. An apparatus as claimed in Claim 64, wherein said transport apparatus further includes means for returning said 
empty pallet {12) along a forth belt means from said contact lens moid assembly station to said second belt means 
to receive said second mold hafvss (30). 

66. An apparatus as claimed in Ciaim 49, wherein said pallet surface includes eight first recesses (130b). 

67. An apparatus as claimed m Ciaim 1, 2, 3 or 4, wherein said automated station (90) for demoiding is adapted for 
mold assembiies having flanges {18, 36) formed on each of said mold halves (10, 30), and said station Hfrther 
includes: 

(a) first means for applying heat to said second mold half (30) to form a temperature gradient between said 
second mold half (30) and the contact lens; and, 

(b) pry means (448) for demoiding said lens, said pry means inserted between said Ranges (18, 36) of said 
first and said second moid halves (10, 30) of said contact lens mold assembly, said pry means (448) including 
a first and second set of pry fingers {456, 458) for biasing said second mold haif {30) upwardly at a predeter- 
mined force with respect to said first mold haif (10) to remove said back moid half (30) therefi-om. 

68. An apparatus as claimed in Claim 67 wherein said pry means (448) lifts said back moid half (30) from said front 
mold half (10) at a predetermined time after application of said heat. 

69. An apparatus as claimed in claim 67 wherein said demoiding station (90) further includes a gripping means which 
simuitaneousiy grips said second moid half (30) when said second mold haif (30) is removed from its associated 
first mold haif (10) 

70. An apparatus as claimed in Ciaim 67 wherein said pry means (448) includes means for displacing said first set of 
pry fingers {456, 458) in a substantially vertical direction vjhWe said second set of pry fingers (456, 458) anchors 
said first moid haives (10), thereby separating said halves (10, 30). 
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71. An apparatus as claimed in Ctaim 70 wherein said first and second set of pry fingers (456< 458) are extensible 
from a first retracted position to a second extended position between said fianges (18, 36) of said first and said 

secoEid mold halves (10, 30} of said contact lens moid assembty. 

72 Anaf.pai3tu ■~latm«; in Ohim 1 \ he ^ ire in erted betvveen said fianges (18 36) of 

-311. inch ht'Kf-s (irt n a^^tidorV 3 hei! ^pphei {o-^ach w >nd mold hdlf 
(30). 

73 Ai -ppdiatu^ ^iaimert m laiin / ntr - 5 h*-^t(,ompi!<>e<J!nf>an<5(£.?°*f f ^pclyn 
3 preoeierrnmed amount of steam. 

/4. An apparatus as claimed m Umm f-i. wherein said ftrst means i'o^'6) for applyinq steam includes a means for 
di chPi tna teim throiah a mz^le ("^ ) s° nbly 

75 An appar tu a claimf^d m CI im 4 \ her-^ n mean^ tor advancing aid steam 

i«char in mean« {^^^8 from a to tpo itt nt"^- is-r.i--< n in c nt^ t vitfi said second mold halt (30) ptior 
to aischaraino steam to satd second mola tialt sunace ana retractino satd steam applying means (527> away from 
said second mold half (^0) towards said first oosrtion arter atscharoinq steam. 

76 An app^tciti. l^imt='d n CI > m 1 oi ' n n 4 \ n< le 3 ^^Jt >ni^fc: d x m ildm ■station (90) fuftht i inc lud€ > 
r rtfrpino m an'- '^''-t^as xi t'-dx^ith i o v • c <- i -^emt ly f v qt [^pinq said s^rc nd mc M half f30) 

when said second moia hattuO.* is separated from !ts respective first moid half (10i, 

77 1 afpatatus as t.hiir'^d in <~l iim 1 01 ■'ct ^ e sa u^^mifed demolding station ( O^intlude a team 
nozzle assembiv tor heattnq the second half (301 of a contact fens mold assembly, said nozzle assembiv incfuding; 

(8) a plurality of steam nozsies (527) for engaging a plurality of contact fens moid assemblies, eacli of said 
nozzles (527) including: 

(i) means for sealing said nozzle to said mold assembly to create a heating chamber between said nozzle 
(527) and said contact lens mold assembly; 

(ii) a steam orifice for discharging steam into said heating chamber; and 

(iii) at least one port defined in each of said nozzles (527) for exhausting steam from said heating chamber. 

(b) means for moving said steam nozzles (527) Into engagement with said contact lens moid assembfies; 

(c) a first plenum for distributing steam to eacf) of said nozzle assemblies; and 

(d) a second plenum for drawing a vacuum through said vent ports to exhaust steam from said heating chamber 
whereby a temperature gradient may be created between said back curve mold half (30) and the contact lens 
in said mold assembly, 

78. An apparatus as claimed in Claim 1, 2, 3 or 4, wherein said automated demolding station (90) further includes a 
source of intense eiectromagnetlc radiation for heating one of said mold halves (30) prior to demolding. said radi- 
ation being absorbed by said one mold half (30) to create a temperature differential between said mold half (30) 
and the contact lens to be demolded. 

79. An apparatus as claimed in Claim 78, wherein said demolding station (90) also Includes means for directing said 
electromagnetic radiation from the source to impinge the outer surfece of said mold half (30) to be heated, 

SO. An apparatus as claimed in Claim 79, wherein the source of electromagnetic radiatfon is a laser. 

81. An apparatus as claimed in Claim 80, wherein the radiation has a wavelength of between about %im and about 

20M-m. 

82. An apparatus as claimed in Claim 1 , 2. 3 or 4, in which said automated demold station (90) is particularly adapted 
to demold contact lens molded betvi'sen a first and second mold halves (10, 30) wherein said first mold half (10) 
is a concave front curve mold half and the second moid half (30) is a convex back cua'e mold half, each of said 
halves {10, 30) having an outv^'ardly extending flange member (18, 36), which flange members {18. 36) are spaced 
from and substantially parallel to each other, said demold station (90) including a demold apparatus comprising: 
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tai dt [e<5st one p<3ir of los-^er pry fingers -,-^r ^'J^ s- j oair joined togetder at a bightto form tower U-shaped 
pry too!: 

j bt at least one pair of upper pry fingers (466, 468), said pair joined together at a bight to form an upper U- 
shaped pry too!: 

s (CI tirst means for recfprocattng said upper and lower pry tools along an insertion axis from a first conveying 

position to a second insertion position: 

(d^ s,ei.orid means fot ff-ctpto:^- " \^ -i'- - ^ ~\ -o s along a first pry axis from a first insertion 
position to a second demoided Dosttion. ana 

ie) contfo! means for sequentially actuating said first means to insert said pry tools between the fiange men> 
10 bers ( 1 8, 36 ) of said moid, and then actuating said second means to fift said bacf< curve moid half {30) upwardly 

to thereby separate said back curve moid half (30) from said front curve mold half (10), 

83. An apparatus as claimed in Cfaim 82 wherein a plurality of contact ienses and mold halves (10. 30) are carried by 
said transport means (27, 29) on a pallet (12) and said apparatus Includes a plurality of pairs of upper and lower 

J5 pry fingers (456, 458). 

84. An apparatus as claimed in Claim 83, wherein said pallet (12) coittains two rows of coittact lenses and inotd halves 
(10, 30), and said apparatus includes first and second sets of upper and lower pry fingers (456, 458), with a first 
set positioned on a first side of said pallet (12) and a second set positioned on a second side of said pallet (12), 

20 

85. An apparatus as claimed in Claim 84, wherein in each pry tool is a thin flat biade member having a plurality of 
outi'vardiy extending pry fingers (456. 458). 

86. An apparatus as claimed in Claim 85, wherein said biade members are sandwiched together for insertion befe'veen 
2S said flanges (18, 36). 

87. An apparatus as claimed in Claim 82 wherein said demoid apparatus (90) further including a suction cup {585} for 
each at least on© pair of upper pry fingers {456, 458). 

30 88. An apparatus as claimed in Claim 87, wherein said apparatus Rtrther includes a third means for indspsndsnt 
reciprocal movement of said suction cup (585) to remove said back curve mold half (30) from said upper pry fingers 
after separation of said mold halves. 

89. An apparatus as claimed in Ciaim 82, wherein said apparatus further includes a means for beating said back curve 
35 mold half before said second means is actuated. 

90. An apparatus as claimed in Ciaim 89, wherein said means for heating includes a steam nozzle. 

91. Art apparatus as claimed in Claim 89, wherein said means for heating inciifdes a laser. 

40 

92. An apparatus according to any preceding claim comprising a procure station (60) for clamping said first mold half 
(10) against said second mold half (30) for a predetermined pressure and time for exposing said hydrogef to actinic 
radiation to initiate polymerization. 

4S 93. An apparatus according to Ciaim 1, 2, 3 or 4, wherein the demolding station has a heating means for heating the 
second mold part prior to demolding, 

94. An apparatus according to any preceding ciaim, wherein tbe mold parts are assembled under vacuum. 

50 95. An apparatus according to claim 1 , 3 or 4. wherein the mold parts, are transported in a low oxygen environment 

96. .A iTtetliod of automatically molding soft contact lenses from a poiyermizable monomei or monomer mi.<tute said 
method comprising; 

ss (<3) hansportirio a pluraiily of contjcl lens molds to and from a piuiality of jutomal^d atattona, each of sjtd 

contact lens molds having first and second mold parts (10, 30); 

( bf depositing a predetermined amount of a polymerizabie monomer or monomer mi>tuie m said first moid part 
(c) assembling at a second automated station (65) each first moid part (10) with a second moid part (30 ); 
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(d) clamping said second moid fiaif (30) against said first moid haif {10)fora predetermined pressure and time 
to define a contact tens mold cavity (101 ) and to remove any excess monomer from said cavity (101 ); 
(ei po!ym€fnzing said monomer or monomer mExture m saia cavity (101 ) after said firstand second iiatves (10, 
30) are clamped together wrth radiant energy; and 
s (f 1 removing at an automated demolding stat;cn (yG; said second moid part (30) and any excess monomer 

frofn said first mold part (10) and said molded contact fens 

97. The method of Claim 96, wherein: 

10 the i,k p of f. olvnj-?ri.rinc! titc- monomer or monomer rnixtute comprises the steps of: 

1 exposing satd damped monomer or monomer mixture to a radiant energy source (314) to piecure the 
lens to a cjel tike consistency and to initiate pofymerization throughout the lens; and 

2 polymeriztng and curtng said monomer or monomer mixture in said cavity (101) after said lens has been 

J5 precured. 

98. The method of Claim 9P or 9' additfonally comprising the step of molding first and second mold parts (10, 30) for 
the production of soft contact tens blani^s in first and second automated moiding stations (101a, 101b), 

so 99. A method afc claitned tn Clann 96 oi 97 or 98 which further Includes the step of degassing the monomer or monomer 
m!Xtu(«' pnc'r to ftiiincj the iuii moid part (10). 

100. A method as claimed tn Claim 96 or 97 or 98, which further includes the step of transporting said moid parts (10, 
30'i in an inc it Utri.vopheie to prevent absorption of oxygen thereon, 

2S 

101. A int fh'Xi 'iaiiTied in Claim 100, which further inciudes the step of moiding sets of said Srst and second moid 
parts t.1 u. 30) at a temperature of at least 450 degrees F within a cycie time of 3 to 12 seconds. 

102. A method as cfaimed in Cfaim 101, wiitcii further includes the step of transferring said molded sets from said 
30 moiding step to said transport step within an inert atmosphere within 1 5 seconds of the completion of said molding 

step. 

103. A method as claimed in Claim 96, 97 or 98, wherein said method fcrther includes the step of clamping said mold 
parts (10, 30) together in said assembly step while under vacuum to flrmiy seat and align the moid parts. 

35 

104. A method as claimed in Claim 96 or 97 or 98 which further includes the step of forming each mold part witfi a 
flange member (18, 36), and then coating thefiange (18, 36) of said first mold part (10) with a surfactant prior to 
assembly of said mold parts {10, 30). 

iO&A method as claimed in Claim 96 or 97 or 98. which further includes the step of transporting said Urst and said 
second mold parts (10, 30) in sets, on separate pallets (12). 

106. A method as ciaimed in Cfaim 105, wherein said transporting step further includes the step of interleaving pallets 
(12) with a set of first mold parts (10) with pallets (12) having a set of second mold parts (30). 

45 

107 . A method as ciaimed in Ciaim 106, which further includes the step of picking up a set of second moid parts (30) 
from a pallet (12) in a first cycle, and deposSing said set of second mold parts (30) on said first moid parts (10) in 
a second pallet (12) during a second cycle to assemble said mold. 

50 106.A method according to any of claims 96 to 1 07. wherein the mold parts are assembled under vacuum 

109.A method according to ciaim 96, 97 or 98, wherein the mold parts are transported in a low oxygen environment. 



Patentansprtiche 

1. Vornchtung zur automatisierten Fomnung von Kontaktiinsen aus einem polymehsierbaren l^ydrogei, wobei diese 
Vornchtung umtafit: 
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(a) Transporteinrichtungen {27, 29) zum Transportieren etner Vieteah! von Kontaktfinsenformen zu bzw. von 
einer Vietzah! von Stationed, wobei Jede dieser Kootaktiirtsenformen aus einer ersten urtd einerzweten Form- 
ha!fte(10, 30} besteht; 

s (fa) eine erste automatisierte Station (53) zur Aufnahme etner Vseteah! erster FormhSfften (10) un4 EiofQHen 

einer vorgegebenen Menge eines polymensierbaren Hydtogeis.; 

(c) eine zwette automatisierte Station (55) zur Aufnahme einer Vieizahi erster Formiiaiften (10) urtd Zusam- 
menfOgen jeder ersten Formhaite (1 0) mit ainer .jyvsiten Formhaifte (30), um einen Kontaktiinsen-Formhoii!- 

10 raum (101) zu begrenzen unci jeglichen UberschufJ von Hydroget aus dem Hohiraum (101) zu entfernen; 

(d) erne erste Etnrichtung zum Kiemmen der ersten Formhaifte (10) gegen die zweife Formhaifte (30) mit 
einem vorgegebenen Druck fur eine vorgegebene Zert; 

J5 (e) eine Strafiiungsenergiequeii© (314) zum Poiymerisieren des polymeristerbaren Hydrogeis im i-iohlraum 

(101), nachdem die ersten und die zweiten FormhSiften (10. 30) zusamtTtenge!<lemmt wurden und 

(f) eine automatisierte Entformungsstation (90) zum Entfernen derzweiten Formhaifte (30) und jeglichen Ober- 
schusses an Hydrogei von der ersten Formhaifte (10) und der geformten Kontai<t!inse, 

30 

2. Von-ichtung nach Anspruch 1, bei weicher die erste Einrichtung eine Vorhartungsstation (60) umfaSt, die eine 
Strahiungsenergiequeiie (314) auf\'>'eist, welche die Poiymerisation in derganzen Ltnse auslost und 

die Vorrichtung ferner eine Einrichtung zum Polymerisieren und Ausharten des polymerisiettoaren Hydrogeis tm 
Hohiraum (101) umfaiJt, nachdem die Linse vorgehartet wurde, 

25 

3. Vorrichtung nach Anspruch 1 Oder 2, weiche ferner umfaKt; 

eine Formungsstation (101a, 101b) zum Spritzgie^en voiistandig entgaster erster und zweiter Formliaiften 
(10, 30) zifr JHersteflung weicher Konta!<t!insen-Rohi)fi£|e. 

30 

4. Vorrichtung nach einem der AnsprOche 1 bis 3, bei weicher die Strahiungsenergie an emer Austin rtungsstation 
zur Poiymerisation des polymerisierbaren Hydrogeis in dem iHohiraum (101) bereitgesteiit wird. 

5. VotTtchtung nach Anspruch 1 , 2, 3 Oder 4, welche ferner sine Einrichtung {422) zum Entgasen des Hydrogeis vor 
35 dem EtnfOlien In die erste Formhaifte (10) aufweist, 

6. Von'ichtung nach Anspruch 1, 2, 3oder 4, weicheliernereindieTfanspofteinrichtungen<27, 29) und dieFormhaiflen 
(10, 30) umgebendes Gehauss mit einer inerten Atmosphere aufweist. 

7. Vorrichtung nach Anspruch 6, weiche ferner eine erste Formungseinrichtting (101a, 101 b) far das Spritzgiefien 
der ersten und derzweiten Formhaiften (10, 30) bei Tempersturen von mindestens 450 *F In einem Zyl<)us von 3 
bis 12 Sekunden aufweist. 

8. Vorrichtung nach Ansprucii 6, weiche ferner sine Robotersinrichtung (103, 104) zur Oberftihrung der Formhaiften 
4S (10, 30) von der ersten Formungselnrichtung (101a, 101 b) zu den Transporteinrichtungen (27, 29) in der inerten 

AtmosphSre innerhaibvon 15 Se!<unden oderwenigeraulweist. 

9. VoiTtchtung nach Anspruch 1, 2, 3 oder 4, bsi weicher die zweite automatisierte Station (55) ferner eine Kiemm- 
einrichtung (340) aufweist, um die Formhaiften (10, 30) zusammenzuitiemmen, wahrend sie sich unter Vakuum 

50 befinden, urn jegiichen OberschuS an Hydrogei zu verdrSngen und die Fornihsiften (10, 30) test zu piazieren und 
euszurichten. 

10 Voinchtung nach einem det Anspruche 1 bt% 4 bei v-.efcherjede dei Formhaiften i tO 30t etnen Flansch (18. 36) 
auKYerit und die Voutchtuni^j teinei eine btation i54)?uni Fieschti^hten des Fiansches dei ersten FormhSlften mit 
ss ( tn^r obertlachernskhveri Suhtl mz vor di=»m Zuiarnmenfugen cftir Forn!haifti=-n (10 'vO) tnthait 

11. Vontchtung n=i."h Anspfu.'h 1 J jodt-f4 betwelcherdieerstenFoimhalften; t0|dijrv.nd(e hansporteinfKhtungen 
(2 7. 29} auf einer Paiette (12) zur ersten und zweiten automatisierten Station (53, 55) transpottiert werden. 
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12. Vorrtchtung nacd Anspruch 11, betweieherdiePatette{12) mit der zweitert Station (55) Eusammenwirkende Ein- 
passungseinrichtungert {2Sa, 28b} auiweist, um mit derzvveiten Station (55) zusammenzuvvirken uod die Pafette 
(12) vordem Zusammenfugen der Formhaitef) (10, 30) einzupassen. 

s 13, Vorrichtung nach Anspruch 12, bet weteher die Paiette (12) einen Umfartgs-Abdjchtungsijereich (140) aufvs'eist 
der mit einer Umfangs-Abdichtung an der zweiten automattsierten Station (55) zusammenwtrkt, um das Zusam- 
menfOgen unter Vakuum zu ermoglichen. 

14. Vorrtchtung nach Anspruch 11, bei weicher die Transporteinrichtungen (27, 29) fernsr separate Paletten (12) fiir 
10 die zweiten Formhaiften (30) aulweisen, wobet die Paietten (12) mH ersten FormhSiften (10) abwechseind mit 

Paletten (12) mit zweiten Formhaiften (30) angeordnet sind. 

15. Vorrtchtung nach Ansprtjch 14, bei weiclier die z^.veite automatisierte Station (55) Zyklen zwischen den Paletten 
(12) durchfiihrt mit dem Aufnehmen zweiter Formhaiften (30) von einer Palette (12) in einenn ersten Zykius und 

J5 dem AtJsetsen der zweiten Formtiaiften (30) auf den ersten Formhaiften (10), um die FormzusatnmenzufCtgen, in 

einetrtawetten Zykius. 

18. Vorrichtung nach Anspruch 1, 2, 3 oder 4, bet welcher die Zusammenfugungsstatton (55) ferner umfaftt: 

20 (i) ein GehSuse, das die ausgerictrteten ersten und zweiten FornihSlften ( 1 0, 30) umgibt, um es dadurch m<ig- 

itch zu machen, daS rund um die Formiialften (10, 30) sin Vakuum erzeugt wird und 

(ii) etne dritte Etnrichtungzum itnearen Bewegen der zweiten FormhSfften (30) enttang einer Ltnearachse, utn 
die zweiten Formhaiften (30) mit einem vorgegebenen Druck gegen die ersten Fortnhaiften (10) zu pressen, 
2S wahrend das Vakuum aufrechterhaiten bfeibt. 

17. Vorrichtung nach Anspruch 18, bei weicher sich das GehSuse und die dritte Einrichtung iinear entiang paraiieter 
Achsen bewegen, 

so 18. Vorrichtung nach Anspruch 17, bei wslcher die diitts Einrichtung for jede in der Palette (12) gehattene zweite 
FormhSifte (30) ein separates Linearbewegungseiement autweist. 

19. Vorrichtung nach Anspruch 18, bei wefcher das Unearbewegungseiement eine AufsetzeinricMung zur Aniage an 
die 2weite Formhaffte (30) sowie sinen VakuumanschluS zum Erzeugen sines Vakuums zwischen dem Unearbe- 

35 wegungselement ond der zweiten Formhaffte autweist, so da& das Linearbewegungsefement die zweite Form- 
haifte (30) von if^rerzogef^erigen Palette (12) abheben kann. 

20. Vorrichtung nach Anspruch 19, bei welcher jedes der Linearbewegungseiennsnte durch eine gemeinsame Luft- 
kammer in bezug auf die dritte Einrichtung separat vorgespannt ist, um eine unabhSngige Linear- und Kiemmbe- 
wegung jedes der Ltneariaewegtingseiemente bei einem gemeinsamen vorejegebenen Druck zu enD6glichen. 

21. Votrichtung nach Anspruch 20, bei weicher das Gehause in bezug auf die dritte Einrichtung finear bewegtwerden 
kann und in einer ersten Position in bezug auf die dritte Einrichtung elastisch vorgespannt ist 

4S 22. Vorrichtung nach Anspruch 21, bei wefcher die elastische Vorspannung zwfschen denn Gehaose und der dritten 
Einrichtung etne vorgegebene Auffagevorspannung zwlschen dem Gehause und der Palette (12) aufcaut, um das 
Vakuum im GehSuse wShrend des ZusammenfQgens der Formhaiften (10, 30) aufrecht zu erhaften. 

23. Von-ichtung nach Anspruch 1, bei welcher die erste Einrichtung etne Strahiungsenergieciuefie (314) aufwetst, um 
50 das pofymerisierbare Hydrogei vorzuh^rten, wahrend die ersten und die zweiten Formhaiften (1 0, 30) zusammen- 
gekiemmt sind 

24 Voinchtung nach Ansoruch 1 oderc bet v\eichej die erste Emrtchtung tn det Zusatrtmentuyitngsstattf^n befesttgt 
lit und etn<^n Teil der^eltien bikiet und die Votnchtung feinwreme Vorhartungi.?tation (5Ut aunveist vvej<.hf eme 
ss zwetie Einnchtung. um die ersten und die zweiten Formhaiften (10. 30)Husammen2uk!emmen. sowte etne Strah- 

iungsenergiequelte (314) enthalt, um das polymerisierbare Hydrogel vorzuharten, wahrend die ersten und die 
zweften Formnaiften (10, 30) zusammengekiemmi sind. 
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25. VotTichturtg nacti Anspruch 24, weiche ferner eine Steuerungseinrichtung zur Variierung derEnergiedosts auS-veist, 
weiche vom Hydrogei wShrend des Vorhartuogsschnttes aufgenommen wird. 

26. Vorricbtung nacb Anspruch 25, bet weicber die zweite Kiemmeinrichtung ein if near bewegficbes Kiemmefement 
s aulweist, welches zwischen den Former) und der Strahlungsenergtequelie (34) positiortiert ist. 

27. Vorrichtung nach Anspruch 24, be\ weicher die Tfatisporteinrichtimg {27, 29) die Formen zur fedemden Anfage 
des federnden Kiemmeiementes {346} bewegt, wenn die Formed in eine Besirablungsposition bewegt werden. 

10 28. Vorrichtung nach Anspruch 27, bei weicher die federnden Ktemrneinrichtungen (340) an der Strahfuogsenergie- 
iichtqueile (314) befesttgt sind und diese die Kiemmelemente (340) zur federnden Aniage an den Fofrnh^fften (10, 

30) bewegt, wenn diese in eine Bestraiiiungsposition bewegt werden. 

29. VotTtchtung nach Anspruch 26, bei weicher jede der KJemmeinrichtungen (340)einen Zylinderrtngauiwetst dessen 
ts Ringdurchmesser grOSer ist a!s der Durchmesser der zu polymerisierertden Kontaktiinse. 

30. Vorricbtung nacb Anspruch 29, bei welcber der Zylifiderring bei der Aniage an die Form federnd verges pannt ist 

31. Vorricbtung nach Anspruch 30, bei weicher die Kiemmkraft 0,5 kp bis 2,0 kp betrSgt, 

32. Vorrichtung nach Anspruch 28, bet vvelchet dte aktinische Strahlung von Uitravtolettlanripen tm Weitenlangenbe- 
reich von 320 nm bis 390 nm emittiert wird. 

33. Vorrichtung nach Anspruch 27, bei weicher die Transporteinrichtung eine Vielzahl von l-iubstandern auf.veist, urn 
2S die Paietten {1 2) zur Aniage an der zvveiten Einrichtufig anzuheben. 

34. Vorricbtung nach Anspruch 1, 2, 3 Oder 4, bei wefcber die Kontaktfinsenfonnen eine erste FormhSifte (10) und 
eine zweite Formhaffte (30) umfassen, wobei jede der Formhaiften ein einstuckiges Erzeugnis aus einem fur Ul- 
travtolettstrafilung durchfassigen thermopiastischen Polymer ist, dieses Erzeugnis einen zentralen gekrUmmten 

so Berstch, der von etner konkaven und stner konvsxsn OberfiSche begrenat wtrd, sowie eine runds Umfangsitante 

aufweist, zumindest der mittlere Bereich der konkaven Oder der konvexen OberflSche die Abmessungen der Vor- 
derkrommung bzw. der Hinterkrummung einer in dieser Fomnbaugruppe herzusteffenden Kontaktlinse hat und 
ausreichend giatt ist, so dafi die OberflSche einer durch Poiymerisation der polymerisierbaren Zusammensetzung 
im Kontakt mit dieser ObsrffSche geformtsn Kontaktlinse eine akzeptabfe Optikqualltat hat und wobei das Erzeug- 

35 nis schlieaiich einen Ringflansch (18) hat, der aus einem StCtck mit der Ringkante bestebt, diese umgibt und sich 
von dort in einer Ebene erstreckt, die senkrecht zur Achse der konkaven Oberfi^che veriaoft. 

35. Vorricbtung nach Anspruch 27, bei weicher jed© der Formhaiften (10, 30) auch eine aiigemein dreieckige Zunge 
(26) aufweist, die in einer Ebene senkrecht zur Achse liegt und sich vom Flanscb (18) aus erstreckt wobei das 
Erzeugnis eine Dicke hat, weiche ausretcht, um schnell Warme bindurch zu tJbertragen, und starr genug ist urn 
Trennkr^ften zu widerstehen, die angewandt werden, um die FormhSlften der Formbaugruppe zu trennen, wobei 
diese Dicke im Bereicb von 0,6 mm bis 1 ,5 mm iiegt 

36. Vorricbtung nach Anspruch 34, bei wsfcher die OberUachs stner jeden FormhSlfte (10, 30) im wesentitcben fret 
4S von Sauerstofffst 

37. Von-icbtung nach Anspruch 34, bet weicher das thermopiastiscbe Poiymer Poiystyro! ist. 

38. Vontchtung nach Anspruch 34 bei vveicherjede der Formhaiften{1 0,30} eine tmwesentitchengleichmaiSige Dicke 

50 hat 

39 \ornchtung nach Anspntch 54, bet welchet derzenfrale Beieich df=r iconvexen Oberfiu^h-? die Abmessungen let 
Htnterknimmung etner Kontaktlinse hat weiche durch Potymensation einet pol\ trteribierbaren Ziisammensfct:;ung 
imKontsi<ttTtttd!e?erkonve-^enObeif!i5chf>t16)herge&telltvveidenkannund beiwelchet dte?e (•onve>xe>Ohetf!,ache> 
ss 1 15t ,3usff-icrii=-nd gijtl tsl so djf?, dtt; Obyrfiache der Hmterkrumniunci Optil>quc3lttc3t hc3t und ktnifortjbi-^i auf owrn 

Auge getragen werden kann. 

40. Von-ichtung nach Anspruch 1, 2, 3 Oder 4, weiche ferner eine drftte automatisierte Station (54) aufe'eist, die zwi- 
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sehen der ersten und derjiweiten Station (53, 55) angeordnet ist. um eine oberflSehenakttve Substartz auf mirt- 
ctestens etne Oberfl&che der ersten homnh^ifte (10) aufzubnngen. wobei die oberfl^chenaktive Subatanz das Lo- 
ssEi der ersten von der zwetten Formhaifte (10 30) unfersfufzt und die tntfernung jegltchen Uberschusses von 
Pnlvmor-Formungsmatona! eimoghcht das an rr'-ir-'e'-' ^ nu Ob( rfische d>^r etsten Formhslfto (10) haftet 

41 \/ctn hiurtcj n nh AfiKf itKh 4U ^.-iwpkhfi 3-^. - - SI jfi xt (1:4) cjufwf-ibt 

taie!n(=> Stpnipei<=>tnr!<"htung mit n na^s r-'-s ■=> S c- 2-Z a ^ m einemAb'-tand vrn d^=>robig(='nTr3ns- 
port■^!^^!;lltuncU"'" ?yi ajiqfofUnet fst e^m-; SWrnpel (":8( in vertikaltri Aiisi!ichtiing?u 
donjind M«n< c tti«r, c h.tcn Formhaltts.- dOi - 1 o- t't.3f i-.f 

(b) erne Einnchtung zum Beschichten des stempels (238) mtt einer oberftechenaktiven Substanz und 

(Ct t^int- Bt-t itiqnnqst-infH htur j ".-"^c^iiS" t "-'"a ^ jiiese in einem Aut.ma!J nach itnten zu opwp 
gen oati die mrt etner ooerflachenaktwen Substanz benetzten Oberftachenberetche des mindestens einen 
Stempets (238) mtndestens ems Oberfi^che der ersten Formh^ifte (10) berohren und efrte Beschichtung mit 
der oberfl^cbenaktiven Substanz auf diese tibertragen. 

42. Vorricbturtg nach Anspruch 41 . bei welcher die dntte Station (54) ferner etn Ktssen (240) aufweist das eine ober- 
fl3C benakttve Sub'>tan.- <'nfh,^!t urio /w!sch«'n die .Stempeieinnchtung und (.'ti- nun x-st jns < itit" ^-t«^tt■ Fotmh-ilfte 
(lO"* finfuhrbar ibt ^C" 'it oin« Einrirhking zitm Verse hieben dirs>(»s. Ki&boni. t240i s.oint i 7 ^'isthtTibtfllung tn 
der Vurnf^htung ^sMscnen d(=>f Stenipelf^innrhtung und de' mindestens etnf^n ersten Formnaltte t lUj 

43. Vornchtung nach An&pruch 42 bei welcher die dntte Station (34) eine Funktionseinrii htung zum abwechseinden 
Posttionieren des Kissens (240) itnter der Stempeietnnchtung und Zuruckziehen des Kissens (240) von dieser 
Stelie fn der Vornchtung aufweist, um es zu ermisgiichen, dafi der mindestens eine Stempei (238) nach unten zum 
Kontskt mtt der mindestens emen Oberflsche der mindestens einen ersten Formhaifte (10) wrgeschobeo wjrd 

44. VotTichtung nach Anspruch 42, bet welcher das Kissen (240) aus einem por6sen Polyethylen-Eiement mit etner 
durchschnittlichen Porsngrii&s von 10 Mikromstsrbestsht, und dieses Element (240) tnit etner Lftsung tmprSgniert 
ist die eine oberflachenaktive Substanz enthaft, 

45. Vorricbtung nach Ansprycb 44, bei weicherdie Obersefte des porcisen Polyetbyfen-Elementes, welche mindestens 
einem Stempei der Stempeisintlchtung zugewandt ist, mit stnem Fiftsr (244) Qberzogsn ist, derelns Masc!iengr6Se 
mtt Offnungen von ebva 1,2 Mikrometer hat, 

46. Von'ichtung nach Anspruch 45, bet weicherder Filter (244) die iWenge der oberfiSchenaktiven Substanz steuert, 
die als Funktion des darauf nach der Beriihrung durch den mtndestens einen Stempei (232) ausgeubten Druckes 
durch den Riter (244) nach oben herausgedrQcktwird und dtesen benetrt, um auf diese Wefse aine vorgegebene 
Menge der oberfiachenaktiven Substanz auf den Berohrungsbereichen des mindestens einen Stempels (23S) 
abzuiagern. 

47. VotTichtung nach Ansprtjcii 46. bei weicfier zumindest ein Teil der Oberfiache des mindestens einen Stempets 
(238), weicher das Kissen (240) bstllhrt, um von dort die oberuachsnaktivs Substanz zu Obernshmen, aus einem 
Verbundwefkstoff aus etwa 90 % Urethan und 10 % Silikon besteht 

4S, Vorrichtung nacii Anspmch 41 , bei weicher etne Vieizahi der ersten Formhaiften (10) auf einer Paiette (12) befestigt 
ist, die von der Transporteinrichtung (27. 28) gehalten wird, wobei jede der ersten FormhSitten (10) eine Vorder- 
krummung (18; zur Formung einer hydrophiien Poiymer-Kontaktiinse und einen diese umgebenden Fiansch (18) 
umfaftt urtd wobei jede der Formungseinrichtyngen funktioneli zu einem Stempei (238) ausgerichtet ist. wodurch 
be'i einem Kontakt zvvtschen der Vorderkrunnmong (18) ond dem zugehorigen Stempei (238) eine dunne Schicfjt 
deroberflachena(<tiven Sub&tanz auf die zugevvandte Oberfiache des F!ansches(1 8) rundum die Vorderkrummung 
(18} ubertragen wird, wodurcii das Entfernen einer zweiten Formhaifte (30) mtt der GrundkrQmmung der Linse 
sowie ernes Ringes ubersciiussigen Formungsmatertals, das haflend auf den OberfiSchen des Flansches abge- 
iagert wufde, erleichtert wird. 

49. VotTichtung naci^ Anspruch 1, 2, 3 Oder 4, bei weicher die Transporteinrichtung (27. 29) aulweist: 
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(a) eine Oder metirere Palette{n) {12) sum HaJten einer oder mehrerer Kontaktlinsenfonn(en) beim Ourchtauf 
durch die Vorriehtung, wobei diese Pa!ette{n;! (12) eine oder mehrere Vertiefung{efi) (130) aufweist, die auf 
einer Oberfiache derselben ausgebildet tst {sind}, um eine Oder mehfere erste Formhafften (10) oder eine 
Oder mehrere zweite Formfiaiften (30) vor dem Zusammenfugen der KorttaktNnsertform aufeunehmen und 

s 

(b) eine FdrderetnrtcMung zum Transportieren der Paletteti (12) von Station zu Station durch die Fertigungs- 
iinienanfage, 

50. Vorriehtung nach Anspruch 49, bet welcher die Transporteinrichtung ferner Einpassungseinrichtungen aufweist, 
10 die in der PalettenoberfiSche eingearbeitet sind, um an einer oder metireren automatisterten Statioft{8n} der Vor- 
riehtung eine prSzfse Positfonierutig der Paiette (12) zu ermfigfichen. 

51. Vorriehtung nach Anspruch 49, bei welcher jede derersten Formhgllten {10) und derzweiten Formhaitten {30) der 
Kontaktiinsen-Formbaugruppe einen ebenen Ringflansch (18, 39} auiweist. 

J5 

52. Vorriehtung nach Anspruch 51, bei welcher jede derersten Vertiefungefi (130}ferner einsn vertieften Fianschbe- 
reich (l3Ga) aufweist, um den Rfngfiansch (18, 36) entweder einer ersten Formhsifte (10) Oder einer zweiten 

Formhaifte (30) aufeunehmen. 

so 53. VotTtchtung nach Anspruc!i49, bei vveicherjede derersten Formhaifteri ( 1 0) und derzweifen Formhaiften (30) der 
Kontaktlinsen-formbaugruppe eine ebene Zunge (26) aufweist, wetche stch von dem Ringffanscii (16, 36) aus 
erstreckt. 

64. Vorriehtung nach Anspruch 53, bei welcher jede der ersten Vertiefungen (130b) ferner eine vertieften Zungenbe- 
2S reich (tSOc) aufv/eist, um sowoh! die Zunge {26) derersten Formhaifte {10) ats auch derkomplementSren zweiten 

FonnhSlfte {30) aufzuneiimen. um die FonnhSlften {10, 30} in einer vorgegebetien Aosrichtong in derjeweiiigen 
ersten Vertiefitng (130b) 2U iagern. 

55. Von-ichtung nach Anspruch 49. bei welcher die Fdrdereinrichtung Schienen zur FOhrung der Paiette {12) durch 
30 vorgegebene Beretche der Fertigungsiinie aulweist, wobsi die Palstten ( 12) Vertiefungen zum Eingrtff in die Schie- 
nen wShrend des Transportes aulweisen, 

56. Von-ichtung nach Anspruch 55, bei welcher die FSrderetnrichtung einen SchwingbalkenzurBewegung derPaletten 
(12) st^tlang der Schienen aufweist. 

35 

57. Von'ichtung nach Anspruch 49, bei welcher die F^rdereinrichtong einen einzeinen Gurt fOrden serieiien Transport 
der Pafetten (12) Qber vorgegebene Strecken entlang der Fertigungslinie aufweist. 

5r8. Vorriehtung nach Anspruch 55, bei weicherdie FOrderetnrichtung sine Stisaeleinrichtung aufweist, um die Paietten 
(12) aber vorgegebetie Strecken entiatig der Schienen zu stoRen. 

59. Von-ichtung nach Anspruch 49, bei welcher die Fordereinrichtung einen ersten und einen zweiten G«rt zum gleich- 
zettigen Transport einer ersten Serie und einer zweiten Serie von Paietten (12) aufweist, wobei der erste Gurt eine 
erste Serie von Paietten (12) isefdrdert. welche die ersten Formhaiften (10) tragen, und derzweite Gurt befSrdert 

4S eine zweite Serie von Paietten (12), weiche die komplementSren zweiten Formhaiften {30) zu deren Befarderung 
tragen, 

60. VoiTtchtung nach Anspruch 59, iiel welcher die Transporteinrichtung ferner eine Foigesteuerung aufweist, um eine 
Paiette {12) vom ersten Gurt, welche erste Formhafften (10) tr^gt, angrenzend an eine Paiette (12) vom zweiten 

50 Gurt, weiche zweite Fon^hSlften (30) tr^gt, zu positionieren, um es zu ermSgiichen, dafi die aneinander angren- 
zend positionierten Paietten (12) auf einem dritten Gurt durch die Vorriehtung befdrdert werden. 

61. Vorriehtung nach Anspruch 59, welche ferner eine Sammeletnrichtung aufweist, um auf der Fordereifiriohtung 
Serien von Paietten {12)2ur Chargenbearbeitung in vorgegebenen Bereichen der Fertigungslinienaniage zu sam- 

ss meln. 

62. Von'ichtung nach Anspruch 61, bei welciier die Sammeieinriciitung zur Enn6g!ichung der Chargenbearbeitung in 
vorgegebenen Bereichen der Fertigungslinienaniage eine Kfemmeinrichtung an einer stromabwarts gslegenen 
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Steite aufweist, urn die Bewegung einer Oder mehrerer stromaufwarts von der Kiemmeinricdtung befindficher Pa- 
ielts(n) (12) zu stoppen, so daS eine Ansammlung voo Paietten (12) dahintsr emnSgiicht wird. 

63, Vorricbtung nach Anspruch 62, welche ferner eine Stefeieinrichtung aufweist, um nach der Chargenbearbeitung 
s einen sequentieiien Transport der Patetten {12) auf der Ffirdereinrtchtung za etmdgiichen. 

64, Votrichtung nach Anspruch 60, be\ welcher die zwsiten FormhSiften (30) von derzwetten Serie von Paletten (12) 
entnommen werden, «m an der auiomatfsierten Zusammenfugungsstation (55) zu KontaktHnsenformen zusam- 

mengefugt 2U werden 

10 

65, Vorrichturtg nach Anspruch 64, beKvelcher die TranspattvorrichtLmg ferner etneEinhchtungzufRuckfOhrurtgieerer 
Paietten (12) auf einerji yierten Gurt von der Kontaktiinsenformeti-Zusammenfagungssiaiton zumzweiten Gurt 
zur Aufnahme »/eiter Formhalften (30) auf//eist. 

J5 66. Vorrichtung nach Anspruch 49, bei weicher die Paleftenoberfiache acht erste Vertiefungen {130b) aufvveist. 

67. Vorrichtung nach Anspruch 1, 2, 3 oder 4, bei weicher die automatisierte Station (90) zur Entformung von Fornv 
baugruppen mitFlanschen (18< 36), diean jeder der Formhalften {10, 30) ausgebildetsind, geeignet ist und diese 
Station ferner aufv^'eist: 

(a) eine erste Etnrichtung 2ur Anwendung von Warme an derzweiten Forrnhalfte (30), um einen Temperatur- 
gradienfen zwischen derzweiten Formiiaifte (30) und der Kontai^tlinse auszubilden und 

(b) eine Trenneinrichtung (448) zum Entformen der Linse, wobei die Trenneinrichtung zwischen dsn Fianschen 
2S der ersten und der zwetten Formh&lften (1 0, 30) der Kontaktiinsen-Fombaugfuppe eingeftihrt wird und wobei 

die Trentieinrichtung (448) einen ersten und einen zweiten Satz von Trennflngern (456. 458) aufweist, um die 
zweite Formhaifte (30) in bezug auf die erste Formhalfle (10) nach oben mit einer vorgegebenen Kraft vorzu- 
spannen, um die Hinterkrummungs-Formhaifte (30) von dieserzu ©ntfernen. 

30 68. Vorrichtung nach Anspmch 67 , bsi welctisr die Trenneinrichtung (448) die Hinteriq'Ctmmungs-Formhaifte (30) nach 
einer vorgegebenen Zeit nach der Anwendung von Warme von der Vorderkrammongs-Formhsltte (10) abhebt. 

69. Von-icbtung nach Anspruch 67, bei weicher die Entformungsstation (90) ferner eine Greifeinrictitung aufweist, 
weicfie die zweite FormhSifte (30) gisichzsitig mit dsren Abhebsn von der sugehSrigen ersten Formhaifte (10) 

35 erfaSt. 

70. Von'ichtung nach Anspruch 67, bei weicher die Trenneinrichtung (448) eine Einrichtung zur Verschiebung des 
ersten Satzes von Trennfingem (456, 458) im wesentiichen in einer vertikaien Richtung aufweist, wShrend der 
zweite Satz von Trennfingem (456, 458) die ersten FornrihSiften (10) festhait, wodurch die Formhaiften (10, 30) 
getrennt v»?erden. 

71 . Von-ichtung nach Anspruch 70, bei weicher der erste und zweite Satz von Trennfingem {466, 458) aus einer ersten 
zurQckgezogenen Position in eine zweite ausgefahrene Position zwischen die Flansche (18, 36) der ersten und 
der zweiten Formheliflen (10) der Kontakfiinsen-Formbaugruppe ausfahrbar ist. 

4S 

72. Vorrichtung nach Anspruch 71, bei weicher die Trenneinrichtung (448) zwischen die Fiansche {18. 36) der Form- 
h^ilften (10, 30) jeder Kontaktiinsen-Formbaugmppe ausgefahren wird, wShrend jeder der zweten Formhaiften 
(30) W§rme zugefQhrt wird. 

50 73. Vomchtung nach Anspruch 72, bei weicher die erste Einncfitttng zur Zuftihr von WSrme eine Einrichtung (528) zur 
Zufuhr einer vorgegebenen IVienge an Dampf umfaSt. 

74. Vornchtu ng nach Anspruch 73, bei weicher d ie erste E i nrichtung (528) zur Zufuhr von Dampf eine Etnriohtu ng zum 
AuslaS von Dampf durch eine DOse (527) ist, welche einer Kontairtlinsen-Formbaygruppe zugeordnet ist 

ss 

75. Voo'ichtung nach Anspruch 74, bei weicher die erste Emrichtung ferner etne EmnchtungzumVofschub derDampf- 
Ausiafietnnciitung i528i aui f^inff frsten Pos-itton tn eme r^vwitw Position tm Kontakt mit derzwetten Fonnh^lftf 
(30). bevor der Dampf auf die Oberflache derzweiten Fomihfiifte f 30) ausgeiasscn wird sowie zum Zuruckziehen 
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der Dampf-AusiaReinrichtung (528) von dersweiten Fotrnhaifte (30) in die erste Position nach dem AustaG von 
Dampf, umfeiSt. 

76. Vorricbtung nach Anspruch 1 . 2, 3 oder 4, bet vveloher die automatisierte £ntform«ngsstat)on (90) ferner eine der 
s Kontaktlinsen-Formbaugruppe sugeordnete Greifeinrichtung {585) zum Erfassen derzweiten Formhaifte (30) auf- 

weisf, wenn diese von ihrer entsprechenden ersten Formhaifte (10) getrennt ist. 

77. Vorrtchtung nach Anspruch 1 , 2, 3 Oder 4, bei weloher die automatisierte Entformungsstatton (90) eine DampfdO- 
sen-Baugruppezum Ewi^rmen derzvveiten Formhaifte (30) der Kontaktlinsen-Formbaugruppe aufw'etst und diese 

10 DQsenbaugruppe wiederum aufw'eist: 

(a) eine Vieizahl von DampfdOsen (527) zur Aniage an einer Vieteahl von Kontal<t!insen-Formbaugruppen, 
WObei jede der DOsen (527) auft-vefst: 

J5 ()) Einrichtungen zum Abdichten der Ditse zur Formbaugruppe, urn etne Ewarmttngskammer swischen 

der DQse (527) und der Kontaktiinsen-Formbaugruppe zu schaffert; 

(ii) eine Dampfoffnung fur den Auslaft von Dampf in die Erwarmungsftammer und 

so (ii!) mindestens einen DurchfaS in jederder OQsen (527), «m Dampf aus der EnwSrmtjngskammer abzu- 

saugen; 

(b) eine Einrichtung zum Sewegen der DampfdQsen (527)zur Artlage an den Kontaktiirtsen-Formbaugryppen; 

2S (c) einen ersten Sammefraunri zur Vertsliung des Dampfes auf jede der DQsenbaugrifppefi und 

(d) einen zweiten Sammefraum zurn Anlegen eines Vakuums an die DurchfSsse, urn den Dampf aus der 
Erw^rmungskammer abzusaugen, wodurch ein Temperaturgradient zwischen der HintefkrQmmungs-Form- 
Mlfte (30) und der Kontaktiinse in derFormbaugruppe erzeugt werden l<ann, 

30 

78. Vorrichtung nach Anspruch 1, 2, 3 Oder 4, bei wefcher die automatisierte Entformungsstation (90) ferner eine 
Queffe intensfver eiektromagnetiscber Strahfung aufweist, um eine der Fonnhaiften (30) vor der Entformung zu 
erwSrmen, wobei die Strafilung der einen Formhaifte (30) absorb lertwird, um eine Temperaturdifferenz zvirlschen 
der Formhaifte (30) und dsr zu sntfoirnsndsn Kontaktiinse z\i srzeugen. 

35 

79. Von'ichtung nach Anspruch 78, bei welcherdie Entfoimungsstation (90) auch eine Einiiciitung aolweist, um die 
eiei<tromsgnetische Strahiung von der Queiie aus a«f die AuiSenfi^che derzu em^grmenden FormhalJle (30) zu 
richtsn und dort einfallen zu lassen, 

80. Vorrichtung nach Anspruch 79, bei weiciier die Quelle eiektromagnetischer Strahtung ein Laser ist. 

81. Von-ichtung nach Anspruch 80, bei weicher die Strahfung eine Weiieniange im Bereich zwischen 1 [im und 20 iim 
hat 

4S 82, Vorrichtung nach Anspruch 1, 2, 3 Oder 4, bei weicher die automatisierte Entformungsstation (90) spezieii an die 
Entformung von Kontaittiinsen zwischen einer ersten und einer zweiten Formhaifte (10, 30) angepaSt ist wobei 
die erste FormhSlfte (10) eine Konkave Vorderi<rQmmungs-Formha!ft8 und die zweite FormhSifte (30) eine komexe 
HinterkfOmmungs-FormhSlfte ist und jede der FormhSlften (10) nach auiien gerichtete Flansche (18, 36) aufweist, 
die in etnem Abstand im wesentiichen paraiie! zueinander angeordneten sind, wobei die Entformungsvorrichtung 

50 umfafit; 

ta) mmdestens ein Paar unterer Trennfinger (456, 458), die an einer Biegung verbunden sind, um ein unteres 
U-formiges Trennweii^zeug zu biiden' 

ss (b) mtndesten'5 t-=tn Paat ob^K-i Tre-nnfinger {456, 458); die an einer Biegung verbunden sind, um ein oberes 

U-formiges Trennwerteeug zu btlden. 

(c) eine erste Einrichtung zum tinearen Bewegen der oberen und unteren Trennweri<2euge entiang einer Eln- 
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fQhrurtgsachse ms etner ersten Beferderungspositfon in eine sweite EinfQhrungsposttion; 

jdt etne zwette hinncbtuno zum itnearen Bewegen der oberen und unteren Trennwerkzeuge entfang einer 
etsten Ttenn^ < n'^c ^ us cinet < tst«^n EmfuhrungsposEfion ed efnt^ z\/erte Entformungsposition und 

S 

e} f-ins:' StPLi'^'nirK '^!:'t^^(. htunq /ut bf^quenhellen Oetsitigung der ef^ten tiftrichtutig zum EinRJhren cferTrerin- 
\Jk-&-tuqt j\ her. die F!;^ns.che 1 18 36) der Form und dann zur Betatigung der zwetten Einrichtung zum 
Anheben oer Hintfarkrummungs Fonnhalfte (JO) urn dadurch diese Htnterkrummungs-Formhaifte{30) von der 

Vorderkmmmungs-Formhalfte CIO! trennen. 

83 \orn<Lhturn ffth An=.pruth ^2 bfi vsckhtjr >i\uo wOziA'^ von hontjktifrijfn und Formhalften (10, 30) von den 
liansportemrichtunnen (2' 1^^ duf emer Palette ('J gt-halten /^'f-rU^n und die Vorrichtung eine Vletzahi von 
Paaren oberer und unterer frennftnger (466. auftveist 

J5 64 ^/on'ichtung nach Anspruch 83 bei vvelcher die Pafette 021 zwei Reihen von Kontakttinsen und Formhaiften (10, 
30) enthait und die Vorrichtung erste und zwette S^tee oberer und unterer Trennfinger (456, 458) aufweist wobet 
der erste Satz auf einer ersten Seite der Pafette (12) und derzweite Salz auf einer zweiten Seite der Paiette (12) 

anqeordnet ist. 

20 85 \/ctn hiunq ri K h An .ptu h 84 tx . c nnwer!<zeu9 (448) em dunnes Klingenelementmit einer Viel- 

rdhi h n.K h aur trtlr.xKtndc \ , .ic.gur ^456 458) ist 

86. Vorrichtung nact^ Anspr uch 85, bet weicher die Kiingeneiemente zur EinfQhrung zwischen den Flanschen (13, 36) 

sandwichartig zusammengefugt stnd, 

25 

87. Vorrichtung nach Anspmch S2. bei welcber die Entfoimungsvorricbtong (90) fernereinen Saugnapf (585) far min- 
destens je ein Paar oberer Trennfinger (456, 458) aufweist. 

88. Von-ichtung nach Anspruch 87< welcfiefernereine dritte Einrichtung zur unabh^ngigen Unearbewegung des Saug- 
30 napfes (585) aufxveisl, urn die HinfefkrClmmungs-FormhSlfte (30) nach der Trennung der FormhSiflen von den 

oberen Trennilngern zu entnehmen. 

as. Von-ichtung nach Anspruch 82, weiche fernereine Einrichtung zur ErwSrmung derHinterkrOmmungs-Formhaifte, 
bevor die zweite Einrichtung betatigt wird, enthait. 

35 

90. Von'ichtung nacf) Anspruch 89, beS weicherdie Etw^nnungsemrichtung eine DampfdQse ist. 

91. Vorrichtung nach Anspruch 89, bei weicherdie Enwarmungseinrichtung ein Laser ist. 

92. Von-ichtung nach einem der bisherigen AnsprQche mit einer Vorftartungsstation (60) zum Klemmen der ersten 
Formhilfte < 1 0) gegen die zweite Formhaffte (30) mit einem vorgegebenen Druc{< und abereine vorgegebene Zeit 
um das Hydrogei aktinischerStrahiung auszusetzen, urn die Pofymerisation auszuiosen, 

93. Vorrichtung nach Ansprucii 1, 2, 3 oder 4, bet weicherdie Entformungsstation eine ErwSrmungseinriciitung auf- 
4S weist, um die zweite Formh^lfte vor der Entfonmung zu erwamien. 

94. Von-ichtung nach einem der bisherigen AnsprOche, bei weicher die Formhalften unter Vakuum zusammengefQgt 
werden. 

50 95. Vomchtung nach Anspnjch 1 , 2, 3 oder 4, bei weicher die Foimhaiften in einer Atmosphere mit niedrigem Sauer- 
stoffgehait transportiert werden. 

96. Verfahren zur automatisierten Formting von Kontaidlinsen aus einem poiymerisierbaren Monomer oder einem 
Monomergemtsch, wobei dieses Verfahren umfaiJt: 

ss 

(a) Transportieren einer Vieizahi von Kontaf<ttinsenformen zu bzw. von einer Vieizahf automafisierterStationen, 
wobei jede dieser Konta!<ttinsenformen aus einer ersten und einer zweiten Formhaifte (10, 30) besteht; 
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(b) EinfUiiert etner vorgegeberten Menge eines pofymerisierbaren Monomers Oder Mortomergemisches in die 
erste Formhaifte; 

(c) Zusammenftigen jeder ersten FormhSIfte (10) mit einerzweiten Formhaifte (30) an eirter zweiten automa- 
s tisierten Station (55): 

(d) Klemmen der zweiteo Formhalte {30) gegen die erste Fortnhalfte (10) mit etnem vorgegebenen Druck fQr 
eine vorgegebene Zeit um einen Kontaktlinsen-Formhohiraum (101) zu begrenzeo und jegffclien Oberschufc 

an Monomer aus dem Hohfraum (101) zu entfernen: 

10 

(e) Poiymerisieren des poiymerisierbaren Monomers odet Monomergemisches itn Hohlraum (101) mittels 
Strahiungsenergte, nachdemdie ersten und diesweiten FormhSlftert (10, 30}2usammengekleiYtiTttwurden und 

(f) Entfernen derzweiten Formhalfte (3Q) und jeglichen Uberschusses an Monomer von derersten Formhaifte 
J5 (10) und der geformten Kontaktttnse an einer automatisierten Entformungsstation (90), 

97. Verfehref) oach Ansproch 96, bei weichem; 

der Schritt der Poiyr^ierisation des Monomers Oder Monomergemisches die foigenden Schritte umfaSt: 

1) Seiichten des Monomers Oder Monomergemisches im geltlemmenten Zustand mittefs einer SUsh- 
lungsenergiequeiie (314), um die Linse zu einer gelarttgen Konsistenz vorzuharten und die Polymerisation 
der ganzen Unse ausz«!6sen und 

2S 2.) Poiymerisieren und AushSrten des Monomers Oder Monomergemisches tmHofiiraifm (101), nachdem 

die Linse vorgeh^rtet wurde. 

98. Verfahren nach Anspruch 98 Oder 97 mit dem zusatzlichen Schritt der Formung erster und zweiter FormSiaiften 
(10, 30)furdie Hersteiiung weicherKontaktlinsen-Rohiifige in einer ersten und einer zweiten automatisierten For- 

30 mungsstatton (1 Ola, 101b). 

99. Verfahren nadi Anspruch 96, 87 Oder 98 mit dem weiteren Schritt der Entgasung des Monomers oder Monomer- 
gemisches vor der FQMung der ersten FormhSlfte (10). 

35 lOO.Verfahren nach Anspruch 96, 97 Oder 98 mit dem weiteren Schritt des Transportes der Formhaiften {1 0, 30) in 
einer tnerten Atmosphere, um die Absorption von Sauerstoff zu verhindem. 

101. Verfahren nach Anspruch 100 mit dem weiteren Schritt der Formung von Sateen erster und zweiter Formhaiften 
(10, 30) bei einer Temperatur von mindestens 450 *F in einer Zykiuszeit von 3 bis 12 Sekunden. 

48 

102. Verfahren nach Anspruch 101 mit dem weiteren Schritt der OberftJh rung der geformten S^tze vom Formungsschritt 
zum Transpottschritt in einer inerten Atmosphere innerhaib von 15 Sel^unden vom Formtingsschritt an. 

103. Verfahren nach Anspruch 96, 97 oder 98 mit dem weiteren Schritt dss KIsmmens der Formhaiften (10, 30) zu- 
4S sammen mit dem Zusammenfugu ngssch ritt u nter Vakuum, um die Formh^ iften sicher zu iagern und auszurichten. 

104. Verfahren nach Anspruch 96, 97 oder 98 mit dem weiteren Schritt der Formung jeder FormhSlfte mit einem Flansch 
(18, 36) und dem anschiieRenden Beschichten des Flansches (18, 36) der ersten FofmhSffte (10) mit einer ober- 
fiachenaktiven Substan^ vor dem ZusammenfQgen der FormhSliten (10, 30). 

50 

105. Veffahren nach Anspruch 96, 97 oder 98 mit dem weiteren Schritt des Transportes der ersten und zweiten Form- 
haiften (10, 30) in Satzen auf separaten Paletten (12). 

lOB.Verfahren nach Anspruch 105. bei wetehem der Trans portschritt den weiteren Schritt der abwechseinden .Anord- 
ss nurtg einer Palette (12) mit einem Satz erster Formhalften (10) mit einer Palette (12) mit einem Sats zweiter Form- 

hatften (30) umfaSt. 

107.V6rfahren nach Anspruch 106 mit dem weiteren Schritt des Aufnehmens eines Satzes zweiter Formhalften (30) 
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von eirter Paiette (12) wadrend eines ersten Zyki«s und des Absetzens des Satees sweiter FormhStften (30) auf 
ersten Formhaiften {10} ayf einerzwsiteo Palette (12)vvahrend eineszweiten Zykfos, urn die Form zusammen- 

zufugen. 

s lOB.Verfahren mch einem der AnsprQctie 96 bis 107, bei welchem die Formhaiften unter VaKuum zusammengefOgt 

werden. 

lOS.Verfahren nach Anspruch 96, 97 Oder 98, bei welchem die Formhaiften in einer Atmosphere mtt niedrigem Sau- 
erstoffgehaSt transporttert werden 

10 

Revend (cations 

1. Appareii pour fe moulage automatise de ientiiies de contact a partir d'un hydrogel polym^risabie, ledtt apparei! 

ts comprenant : 

a) des moyens de transport (27. 29) pour transporter une pluraiite de moules de ientiile de contact vers et a 
partir d'une piuralite de postes, chacun desdifs mouies de ientiile de contact ayant des premiere et seconde 
parties de mouie (10, 30); 

30 b) un premier poste automatise (53) pour recevoir une piuraiitd de premieres parties de moule (10) et d^poser 

a I'interieur une quantite predetermines d'hydroge! poiymertsable , 

c) un deuxieme poste automattse {55) pour recevoir iadite piuralite de premieres parties de mottie (10) et 
assembter chaque premiere partte de mouie (10) avec une seconde partte de moufe (30) pour dSfinir une 
cavite de mouie de Ientiile de contact (101) el pour retirer tout exces d'iiydrogel de ladite cavite (101); 
2S d) des premiers moyens pour serrer ladite premiere moitie de moule (10) centre ladite seconde moitig de 

mouie (30) pendant un temps et 6 une pression pr^d^termin^s ; 

e) tjfie source d'^nergie rayonnante (314) pour polymeriser iedit hydrogel poiym6risable dans ladite c&vM 
(101 ) apr^s que lesdites premiere et seconde moitifes (10, 30) soient serrees ensemble ; et 

f) un poste de demouiage automatise (90) pour retirer ladite seconde partie de mouie (30) et tout excds d'hy- 
3<? drogei de iadite premiere pattie de mouie (1 0) et ds iadits Isntiffe de contact. 

2. Appareii sefon (a revendication 1 < dans iequel ; 

les premiers moyens comprsnnent un poste de pr^durctssage (60), iedit poste ds pr^durcissage (80) com- 
35 prenant la source d'energle rayonnante{314), la source d'^nergie rayonnante servants inftterla polymerisation 

sur toute la Ientiile ; 

I'appareif comprensnt en outre des moyens pour polymeriser et durcir Iedit hydrogel poiym^risabie dans ladite 
cavity (101) apres que iadite Ientiile a ete prddurcie. 

3. Appareii seton la revendication 1 ou la revendication 2, iedit appareii comprenant en outre : 

un poste de moulage (1 01a< 101b) pour mouier par injection des premiere et seconde parties de mouie com- 
pi^tement d6gaz6es (10, 30) afin de produire des 6bauches de ientiiies de contact soup les. 

4S 4. Appareii seion Tune qoelconque des revendications 1 ^ 3, dans lequei I'^nergie rayonnante est fournie au niveau 
d'un poste de durcissement pour polymeriser iedit iiydroge! poiymerisable dans fadite cavSe (101 ), 

5, Appareii selon !a revendication 1 ou 2 ou 3 ou 4, comprenant en outre des moyens (422) pour degazer f'hydroge! 
avant d'etre d^pos^ dans iadite premiere partie de moule (10), 

50 

6, Apparei! selon la revendication 1 ou ;? ou 3 ou 4, comprenant en oufip des moyens fonnant encetnte poor 
entourer ie&dtts moyens de transport i2'i', 29) et iesdites parties de mouie (10. 30) d'une atmosphere inerte 

7, Appareii selon la revendioation 6, comprenant en outre des premiers, moyen? de moulage (I01a. 101b) pour le 
ss rnoulage pat injection desdttei preniiere i?t seconde parties de mouie (10 30\ 3 urie iemperaUtre d'au motnt 450 

degres F pendant un cycte de 3 a 12 secondes. 

S. Appareii seion ia revendjcation 6, comprenant en outre des moyens robotiques ( 103, 1 04) pour ie fransfert desdites 
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parties de mo«!e (10, 30) depuis iesdits premiers moyens de moufage {I01a< 101b) vers (esdits moyens de trans- 
port {27, 29} et ladite atmosphere insrte ert 15 secondes ou moins. 

9. Apparei! sefon ia revendicatioo 1 ou 2 o« 3 ou 4, dans iequei [edit deuxieme poste aittamatise (55) comprend en 
s outre des moyens de serrage (340) pourserrer lesdites parties de mouie (10. 30) ensemble dans des conditions 

de vide afin de depfacertout exces d'hydrogel amsi qu'asseoir fermement et aligner les. parties de mouie {10, 30). 

10. Apparei! seion !a revendication 1 ou2oii3ou 4, dans iequei chaqus partie de rnouie (10, 30) comprend un element 
formant bride (1S, 36), et dans leque! ledit appareil comprend en outre un poste (34) pour revetir la bride de ladite 

M premiere partie de moule d'un tensioadif avant i'assembiage desdites parties de mouie (10, 30), 

11. .Apparei! seion ia revendication 1 ou 2 ou Sou 4, dans leque! ieadites premieres parties de moule (10) soni trans- 
port^es vers lesdtts premier et deuxieme postes automatisms (53, 55) sur un pfateau (12) par iesdits moyens de 
transport (27, 29). 

J5 

12. Apparei! selon la revendication 11 , dans Iequei iedit plateau (12) comprend des moyens de rep6rage {28a, b) pour 
cooperer avec ledit deuxieme poste (53) afin de repdrer Iedit plateau (12) avant f'assembiag desdites parties de 

moule (10, 30). 

so 13, Apparei! selon la revendication 12, dans iequei iedrt piateau (12) comprend une zone de scellement perimdtrique 
(140) pour cooperer avec un sceiiement perimetrique forme an niveau dudit deuxieme poste automatise (65) pour 
pemiettre I'assemblage sous vide. 

14. Apparei! seion ia revendication 11, dans leque! iesdits moyens de transport (27, 29) comprennent en outre des 
2S plateaux s^par^s (12) pour lesdites secondes parties de moule (30), dans iequei iesdits pfateaux (12) ayant des 

premieres parties de mouie (10) sent entreiac6s avec des piateaux (12) ayant des secondes parties de mouie (30). 

15. Apparei! seion la revendication 14, dans Iequei ledit deuxieme poste automatise (55) effectue un cycle entre des 
plateaux (12), ramassant des secondes parties de mouie (30) d'un piateau (12) dans un premier cycle, et d6posant 

30 iesdites secondes parties ds mouis (30) sur issditss premieres parties de moule (1 0) dans un second plateau (12) 

iofs d'un second cycle afm d'assembler iedit mouie. 

16. Appareil seion ia revendication 1 , 2. 3 ou 4, dans Iequei ledit poste d'assemblage (55) comprend en outre ; 

35 i) un element formant logement pour entourer des premiere et seconds parties de mouie alignees (10, 30) 

afin de permettre la creation d'un vide autour desdites parties (10, 30) ; et 

ii) des troisidmes moyens pour animer d'un mouvement de vs-et-vient lesdites secondes parties de mouie 
(30) ie iong d'un axe de va-et-vient afin de serrer iesdites secondes parties de mouie (30) contre iadite premiere 
partie de moule (10) avec une pression pr6d^termin6e toujours en presence du vide. 

40 

17. Appareil seion ia revendication 16, dans iequei iedit ei^ment formant logement et iesdits troisi6mes moyens ef- 
fectuent un mouvement de va-et-vient le long d'axes paralieles. 

18. Appareil selon ia revendication 17, dans isqusi iesdits troisl^mss moyens comprennent un element de va-et-vient 
4S separe pour chaque seconds partie de moule (30) porte dans iedit plateau (12), 

19. Appareil seion ia revendication 1 8. dans iequei chaque ^I6ment de va-et-vient comprend des moyens d'appui pour 
mettre en prise iadite seconds partie de moule (30) et un orifice de vide pour creer un vide entre ledit ^l^ment de 

va-et-vient et ladite seconde partie pour permettre ainsi audit 6l^ment de va-et-vient de soulever iadite seconde 
50 partie de mouie (30) de son piateau assoct^ (12). 

20. Apparei! seion la revendication 19, dans iequei cttacun des elements de va-et-vient est incline separement deputs 
une chambre de surpression par rapport auxdits troisidmes moyens pour permettre le va-et-vient ind^pendant et 
te sen^age par chacun des moyens de va-et-vient S une pression commune pr^d^termin^e. 

ss 

21. Apparei! seion la revendication 20, dans Iequei ledit element formant iogement peut effectuer un mouvement de 
va-et-vient par rapport auxdits troisi^mes moyens, et est incline de mani&re r^siliente dans une premiere position 
par rapport auxdits troisifimes moyens. 
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22. Appareil selon la revendicatfon 21 , dans teque! ladite inctfnaison r6si!iente entre ledft logement et tesditstroisiemes 
moyens etabht une inchnaison d'fecrasement pred^terniinee entre tedit togement et tectit piateau (12), pour matn- 
tsEiir ledit vide a nnterieur dudit logemenf durant I'assembfage deadiies parties de motjte (10, 30). 

s 23, Apparei! selon la revendtcation 1 . dans ieqi >? ^so r::i--:-s-s .^loyens comprennftnt uns source d'energie rayon- 
name (314) pourpredurctrledtl- hydroge! pc; i:-- -frscdi-A >emiitie. et seconds; motttes (10, 30) 

sont serrees ensembie. 

24. Apparei! aelon la revendirstion i oti la teve;^;;;cat or :eq,..e. :eid.t=> p-emietsi moyens sont months a I'mte- 
10 neur de et dfefinissent une partie dudtt poste d'assembtage, et dans iequet ledtt apparetf comprend en outre un 

posfe de pr6duEc;i<jsagt5 150), ledrt poik; de pttdurcisiage, (60) comprenar.t des dnjuxiemei rnoyen& pour St5rrer 
lesdttes premiere et seconde morties de mouie (10, 30) ensembie et une source d'^nergie rayonnante (314) pour 
pr^d urcir led it hyd roget potym^risabie pendant que tesdites premiere et seconde motti^s (10, 30) sont serr6es 
ensemble. 

J5 

25. Apparei! selon ta revendicatlon 24, dans feque! ledit appareil comprend en outre des moyens de command© pour 
faire varier la quantity d'^nergie reptie par ledit hydrogei pendant ladite 6tape de prddurcissage. 

26. Appareil selon ia revendfcation 25, dans ieqtte! iesdfts seconds moyens pour serrer comprennent un 6l^ment de 
30 serrage effectuant un mouvement de va-et-vtent postttonn^ entre fesdits moufes et ladite source d'dnergie rayon- 

naf5te (314). 

27. Apparei! selon !a revendtcation 24, dans lequei lesdits moyens de transport (27, 29) dfeplacent lesdtts mouies en 
mise en prise r^siiiente avec iedit element de serrage resilient (340) a mesure que lesdits mouies sont depiacss 

2S dans une position d'exposition. 

28. Appareil selon la revendicafion 24, dans iequei fesdits ef^ments de serrage resilients (340) sont months sur ladite 
source d© lumisre ^ energie rayonnante (314) et fadite source de lumi^re a 6nergie rayonnante (314) deplace 
lesdits ^l^ments de serrage i340) en mise en prise resilients avec des moiti^s de moifle lorsqim lesdits mouies 

so sont ddplacss dans une position d'exposition. 

29. Appareil selon (a revendicatlon 26, dans lequel chacun desdits Elements de serrage (340) comprend m cylindre 
annulaire ayant an dtam^tre annuiaire sup^rieur au diametre de fa lentflle de contact destin^e ^ §tre polym6ris6e. 

35 30. Appareil selon la revendicatioo 29, dans iequei ledit cyiindre annuiaire est iociine de maniere resiliente en mise 
en prise avec ledit moule 

31. Appareil seion ia revendicatlon 30, dans iequei iadite pression de serrage est de 0,5 a 2,0 Kgf. 

32. Appareil selon )a revendtcation 2S, dans ieqoe! iedit rayonnement actinique est ^mis par des iampes uitraviolettes 
entre 320 et 390 nm. 

53. Apparei! seion la revendicatlon 27, dans iequei lesdfts moyens de transport comprennent une piuralft^ de montants 
de soul^vement poureievsr iesdits plateaux (12) en mise en prise avec lesdits seconds moyens. 

45 

34. Appareil sefon ia revendication 1, 2, 3 ou 4, dans Iequei iesdits mouies de lentiife de contact comprennent une 
premiere mo'm de mouie (10) et une seconde moWt^ de mouie (30). chaque moitie comprenantun article integrant 
de polym^re ttiermopiastique transparent a ia tumiere ultravioiette, iedit article ayant une section centrale incuiv^e 
definissant une surface concave, une surface convexe et une ar^te circonferentielle circulaire. au motns la partie 

50 centrale d'an moins une parmi iadite surface concave et ladite surface convexe ayant les dimensions de ia oourbure 

avant ou arnere, respectivement, d'une lentitte de contact destines a etre ptoduite dans ledit assemblage de moule 
et etant siiffisamment lisse pour que la surface d'une lentille de contact formee par polymerisation de ladite com- 
posttion polymensabie en contact avec ladfte surface sort optiquement acceptable, iedit article ayant egalement 
une bride annulaire ( 1 8't for mant un seui tenant avec et entourant ladfte ar#te circonfi^rentielle circulaire et s'^ten- 

ss dant depuis cell^-ci dans un plan perpendiculaire a I'axe de ladfte sutface concave. 

35. Appareil selon la revendtcation 34, dans Iequei chacune desdites moities de moule possede egalement un ongiet 
gen^ralement trianguiaire (26) s(tu6 dans un plan perpendiculaire par rapport audit axe et s'6tendant depuis ladite 
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bride (18), iedit artieie ayant me epaisseur suffisante pour transmettre de (a chaleur a travers cetut-ct rapidement 
et una rigiditfe sufflsamment efflcace pour supporter des forces de tevier appiiqu^es pour s^parer iadfte moitiS de 
moule dudit assembiage de mooie, iadite dpaisseor ^tant comprise entre 0,6 mm et 1 ,5 mm. 

s 36, Apparei! selon la revendtcation 34, dans (equel !a surface de chaque motti^ de moule (1 0, 30) est essentielfement 
d§pourvue d'oxygene, 

37. Appareil selon ia revendtcation 34, dans lequef !eda poiymere ihermopiastique est du polystyrene. 

10 38. Appareil seion la revendication 34, dans lequel chaqoe mottle de moufe (10, 30) a une Epaisseur esseotieffemeot 
oniforme, 

39 'Xppart^d --ekn Id t8ven]iiCL-tt(on 34 dris>e-'^e 'a ^ ' ^ jitp sarfscp x ns-='x-=' d les diifvrtbi jn-- oe 
ta courbure atrtere d'une lentdte de contact qui oeiit etre proouite car polymensation d une composition poiymen- 

ts sable en contact avec iaoite surface convex© ^16) et aans lequei ladtte surtace convexe (lot est suffteamment 

lisse pour que ta surfece de Iadfte coufbure arndre sort de quality optique et puisse §tre portee confortabtement 
dans i'oeii. 

40 ■\pp3rt)tl seion la ievendtcatMn 1 2 3 cu 4 dans ieqief ledtt apparet! comprend en outre un tioibiemt; p<.ite 
30 ^utorrutibt-; (54j ^ttue t nti<> k 'iditi, pr.'niK^r d'HtVie \-st,js,{53 ^'jHnJin tjpphi:)U« i un f« n'^iOcscttl ut tiinio!ii'> 

une surface de iadite premiet?> parti? de inottie{10) dans lequet iedittensioactif facfitte la hberatiori r^ntrt ks>dik^ 
premiere et seconds parties de moule (10, 34} et permet le retrait de toutexces de matenau de moufage poiymere 
adh6ranta ladrte au moms me surfece de ladrte premiere partte de moule tlO). 

2S 41, Appareil sefon ia revendication 40, dans lequel ledft troisidme poste automatise (54) comprend : 

a) des moyens de poin§onnage comprenant au moins un poingon (238) dispose de mantere espac^e au- 
dsssus desdits moyens de transport (27, 29), ledft au moins un poineon (238) pouvant etre posttionne en 
aiiignement verticaii avec Iadite au moins une premiere partte de moule (10) ; 
so b) des moyens pour revetir iedit poin^on (238) d'un tensioactif ; st 

c) des moyens d'actionnement pour lesdits moyens de poingonnage afin de d^placer (esdits moyens de poin- 
gonnage vers le bas dans «ne mesure telle que les patties de surface revetues de tensioactif dudit au moins 
un poingon (238) entrent en contact avec iadite au moins une surface de iadite premiere partie de trtoule ( 1 0) 
arm de coof^rer un revgtemsnt dudit tsnstoactif ^ ceile-ci. 

35 

42. Appareil selon ia revendication 41 , dans lequel ledit troisidme poste (54) comprend en outre un ^i^ment fomiant 
tampon (240) contenant un tensioactif qui peut etre interpose entre lesdits moyens de poingonnage et Iadite au 
moins une premiere partie de moule ( 1 0) et des moyens pour d6piacer iedit element formant tampon (240) depuis 
cette interposition dans ledft appareil entre iesdits moyens de poingonnage et iadite au moins une premiere partie 

■io de mouie (10). 

43. Appareii seion la revendication 42, dans lequel ledit troisieme poste (54) comprend des moyens de fonctionnement 
pour positionner de mani^re alternee ledit element formant tampon (240) en dessous desdits moyens de poingon- 
nage et pour retirer ledit Element formant tampon (240) dudit emplacement dans isdit appareii pour permettre audit 

4S ail moins un poin^on (238) de progresser vers ie bas afin de venir au contact avec Iadite au moins une surface 
de Iadite au moins une premiere partie de moule (10), 

44. Appareil seion la revendication 42, dans lequei ledit Siement formant tampon (240) comprend un Element de po- 

iyetiiyiene poreux ayant une taiile moyenne de pores de 10 microns, ledit iiement (240) fetant Impregne d'une 
50 soiuiion contenant ledit tensioactif. 

45. Apparei! seion la revendication 44, dans lequef une surface superieure dudit element de polyethylene poreux 
faisant face audit au moins un poingon desdits moyens de poingonnage est recouverte d'un filtre (244) ayant une 
taiile de mailie avec ouverture d'environ 1,2 micron. 

ss 

46. Apparei! seion !a revendication 45, dans lequei ledit fiftre (244) commande ia quanttte de tensioactif tmpregnee a 
travers iedit 6i6ment (240) et rejetee vers te haut a travers leditfiltre (244) en nSponse s la ptession &.<&ro6e' des&us 
au contact dudit au moins un poincon (232) afin de d^poser une quantite pr6d6termin6e dudit tensioactif sur les 
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parties de surface de contact dudit au moins un poin^on (238). 

47. Appareii setori ta revendication 46, dans iequei au moins ies parties de surface dudit m moins un poingon (238) 
au contact dtidit element formant tampon {240) pottr en retirerie tensioactif est constitue d'un compose comprenant 

s environ 90 % d'ur^thane et 10 % de silicone. 

48. Appareii seion ia revendication 41, dans Iequei une pfurslite desdifes premieres parties de moule (10) sont morjtees 
sur un plateau (12) porte par iesdits moyens de transpcr; , ZZ] cr-ac^^.e desdites premieres parties de mouie 
(10') comprenant une courbure avant (16) pour mouie' ■■.r-i liniwi-i de A-ntrfrt polymere hydrophile et une partte 

10 formant bnde engiobante (18), chacun desdits moyens formant moule etant aiigne en tonctionnement avec res- 

pect! v'em<;ri{ un dft potricon (238; rnoyenriant quo; te ooritjti er.fr'? iadite jcurburo ovjtit ft uri fL-omc jri ds^ouo 
(133) transfere un ftim mince durtitte^s r_=;Ct--' s.,- ..-■=■ i.,-'are opposes suriadtte partie toimant bnde (181 autour 
de iadite couibure avant depnis le.-i r c - ■ ■c r < .r : .-s nst !e detachement d une seconde partie de mouie 
(30) comprenant une courbure de Dd- ■• .;n anneau de materiau de moufage en exces depose 

ts de maniere adhesive sur ies surfaces de ladtte panie formant bnde, 

49. Appareii seion !a revendication 1 , 2, 3 ou 4, dans Iequei Iesdits moyens de transport (27, 29) comprennent : 

a) un ou plusieurs plateaux (12) pour porter un ou piusteurs mouies de lentille de contact S travers I'apparetl 
30 iesdits plateaux (12) presentant un ou piusieurs creux ( 1 30) formes dans une surface de ceux-ci pour recevotr 

une premiere moitie de mouie (10) ou davantage ou une seconde moitie de moule (30) ou davantage avant 
i'assembia dudit mouie de lentille de contact ; et 

b) des moyens de convoi pour transporter iesdits pfateaux (12} de poste en posts sur toute I' installation de 

chaine de production. 

2S 

50. Appareii selon ia revendication 49, dans iequei iesdits moyens de transport comprennent en outre des moyens 
de rep§rage formes dans Iadite surface de piateau pour permettre un positionnement precis dudit plateau (12) au 
niveau d'un ou de plusieurs postes automatises dans i'appareil, 

so 51. Appareii ssfon ia revendication 49, dans iequei citacune desdites premieres moiti^s de moule (10) et secondes 
moiti^s de mouie (30) dudit assemblage de mouie de (entilie de contact comprend une partie de bride annuiaire 
monopian{18, 36). 

52. Appareii selon !a revendication 51 , dans Iequei chacun desdits premiers creux {1 30) comprend en outre une zone 
35 formant bride en creux (130a) pour recevoir lesdites parties formant bride annuiaire (18, 36) de Iadite premiere 
moiti* de moule (10) ou de Iadite seconde moiti6 de moole (30). 

63. Appareii sefon ia revendication 49, dans iequei chacune desdites premieres moities de moule (10) et secondes 
moitf^s de moule (30) dudit assembfage de moufe de lentille de contact comprend um partie formant ongiet mo- 
nopian (26) s'^tendant depufs iadite bride annuiaire (18, 36). 

54. Appareii selon la revendication 63, dans Iequei chacun desdits premiers creux {130b) comprend en outre une zone 
formant ongiet en creux {130c) pour recevoir iadite partie formant ongiet (26) de Iadite premiere moitie de mouie 
(10) et de iadite seconde moiti6 de mouie compidmentaire (30), pour asseoir normaiement lesdites moities de 

4S moule (10, 30) dans une orientation predeterminee a I'int^rieur d'un premier creux respectif (1 30b), 

55. Appareii seion ia revendication 49, dans Iequei Iesdits moyens de convoi comprennent des moyens fomnant raii 
pour guider tedit plateau (12) a travers des parties ptedSterminees de iadite chafne de production, iesdits plateaux 
( l^'i comprenant des dentelures pour ta mise en pnse avec iesdits moyens formant rail pendant leur transport. 

50 

56 /J^pp-tteil iPkn la te^ endicttn n ^& dan'j Iequei lesdEfs moyens de convoi comprennent un baiancierpourentraTner 

ledit plateau ( 12) le iong le^ditss mi^v'^-nii fotmant rani. 

57 Appareii -^eion la levendc^atton 4)i dans iequei iesdits moyens de convoi comprennent des moyens formant cour- 
ss rots; uniqui^ pour tr?<ni=porlf t un st;iit= de<i plateaux (12) sur des distances predeterminees le long de Iadite chafne 

de production, 

58. Appareii seion !a revendication 55, dans iequei iesdits moyens de convoi comprsnnent des moyens formant v6rin 
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pour pousser ledit piateau (12) sur des distances precJ^terminees ie iong desdtts moyens formant rail 

59. App-HSil '.elon la tiJSijnJio-ition Jans lequel li='sd'h '^^o\'e>-'S de convot comprennentdes piemiers ei deuxje-mes 
moyens fotmant counote pot.it t^=ln■^portl'^ 3 :----^e— ■ l £■■"^iere serie respe'Ctfve et une se-conde serif 

s respective de piateauy (12;. lesdits premiers —cj \ ■ -oie achemfnant ladrte premiere serie de pla- 

teaux (12) portant lesdites pierFH^res mottles de mouie (10) et iesdrts deuxiernes moyens formant courroie ache- 
mmant ladite seconds serte de plateaux (12) portant des secondes mottfes de moule (30) compl^mentaires pour 
i'achemlnement de ceux-ct. 

10 60. Appareil «elon la re:ve:rtdtc:;jt!on 59. dans lequel lesdits moyens de transport comprennent en outre des moyens 
de; mt&i? en ^feque'nt<; pour posttionnet un piateao (12) pottant lesdites premieres moittes de moule (10) depuis 
lesdtts premiers moyens formant courrote de manii^re adjacente ti un plateau (12) portant tesdites secondes moities 
de moule (30) depuis lesdits deuxiemes moyens formant courroie et pour permettre auxdits plateaux posittonnes 
de mani^re adjacente (12) d'etre achemtnes sur des trolsiemes moyens formant courroie i travers tedit appareil. 

J5 

61. Apparei! selon la revendication 59, comprenant en outre des moyens d'accumulatiofi pour permettre ft une §6rie 
de plateaux (12) de s'accumule! sur lesdits moyens fonnsnt fransporteur pour Stfe traitds par lot d des endroits 
predetermines de ladite installation de chame de production 

so 62. Appareil selon (a revendication 61, dans iequel lesdits moyens d'accumuiation permettant le traitement par lot a 
des endrofts predetermines de iadite installation de chafne de production comprennent des moyens de serrage 
situes en aval pour stopper le mouvement d'un ou de plusieurs plateaux situes en amont desdits moyens de 
serrage afin de pemietire ['accumulation des plateaux (12) derri^re ceux-ci. 

2S 63. Appareil sefon fa revendication 62, comprenant en outre des moyens formant v6rin pour permettre fe transport 
s^quentiel desdits plateaux (12) sur lesdits moyens foimant transporteur aprfes le traitement par lot de ceux-ci. 

64. Appareil selon ia revendication 60, dans Iequel fesdltes secondes moities de moule (30) sont retirees desdites 
secondes series de plateaux (12) pour I'assemblage desdits mottles de lenttile de contact au niveau dudit poste 

so d'assemblage automatism (55). 

65. Appareil selon !a revendication 64, dans lequei ledit appareil de transport comprend en outre des moyens pour 
renvoyer iedtt plateau vide (12) le long de quatriemes moyens formant courrote depuis iedit posts d'assemblage 
du moute de ientille de contact vers lesdits deuxiemes moyens format courroie pour recevotr lesdites secondes 

35 moities de moule (30). 

66. Appareil selon !a revendication 49, dans Iequel ladite surface de plateau comprend huit premiers creux (130b), 

67. Appareil selon la revendication 1, 2, 3 ou 4, dans iequel iedit poste automatism (90) pour fe d^moulage est adapts 
pour des assemblages de moule ayant des brides (18, 36) form^es sur chacune desdites moSti^s de moule (10, 
30), ledit poste comprenant en outre : 

a) des premiers moyens pour appliquer de la chaieur S fadfte seconde moSie de mouie (30) dans ie but de 
former on gradient de temperature sntre ladtts seconde moitid ds mouis (30) st la ientiils de contact ; et, 

b) des moyens formant levier (448) pour demouier fadite lentiKe, lesdits moyens formant fevier etant inserts 
entre lesdites brides (18, 36) desdites premieres et secondes moities de moule {10, 30) dudit assemblage de 
moule de lenttile de contact, iesdtts moyens formant ievier (448) compretiant des premier et second ensembles 
de doigts de levier (456, 458) pour incliner ladite seconde moitte de moule (30) vers ie haut ^ une force 
predeterminee par rapport i ladite premiere moitle de moule (10) afin de retirer ladite moitife de moule arrtdre 

50 (30) de oetle-ci. 

68. Appareil selon la revendication 67, dans iequel lesdits moyens formant levier (448) soulevent ladite moitte de 
moule arriere (30) de ladite moitie de mouie avant (10) un certain temps apres i'appiication de ladite chaieur: 

ss 69. Appareil selon la revendication 87, dans lequei ledit poste de demouiage (90) comprend en outre des moyens de 
satsissement qui salsissent simuitanement ladite seconde moitie de moule (30) iorsque ladite seconde moitie de 
moule (30) est retiree de sa premiere moitie de mouie associ6e (10). 
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70. Appareil selon ia revendication67. cfansfequel lesdits moyens formanttev)er{448)comprennentcfes moyens pour 
d^piacer ledtt premier ensemble cfe doigts de feviisr (456, 458) dans une direction sensible ment verticaie pendant 
que (edit second ensemble de doigts de ievier {456, 458) fixe lesdrtes premieres moities de moute {10), separaEit 
ainsf lesdites moities (10, 30). 

s 

71 . Apparet! seiort !a revendfcation 70, dans iequel lesdits premier et second ensembles de doigts de Ievier (456, 458) 
peuvenl s'elendre deputs une premiers position retractee vers une seconde position etendue entre iesdites brides 
(18, 36) desdftes premieres et secondes moities de mouie (10, 30) dudtt assembiage de mouie de lentille de 

contact. 

10 

72. App?jrei! selofj la revendicalion 71 dans leque! iesdits moyens formant ievier (448) sont inseres entre iesdites 
bndes (18, 36) desdites moitt^s de moute {10. 30) dudit assemblage de mouie de ientille de contact pendant que 
tadite ciiaieur est apptfquee a chaque seconde moitie de mouie (30). 

J5 73. Appaieil selon ia revendtcation 72. dans Iequel lesdits premiers moyens pourappliquerde ia cliaieurcomprennent 
6e% moyens \ Z28} pour appliquer une quantity pr^determin^e de vapeur 

74. Appareii selon ia revendicatton 73. dans lequei lesdits premiers moyens (528) pour appliquer de ia vapeur com- 
prennent des moyens pour 6vacyer de la vapeur a travers one tuyere (527) associee S un assemblage de mouie 

so de lenttlle de contact. 

75. Appareii seion !a revendication 74. dans lequei iesdits premiers moyens comprennent en outre des moyens pour 
faire avancer iesdits moyens d'evacuation de vapeur (528) depuis une premiere position vers une seconde position 
en contact avec iadite seconde mottie de mouie (30) avant d'evacuer ia vapeur vers ladtte seconde surface de 

2S moiti6 de moute, et pour retracter lesdits moyens d'appiication de vapeur (528) S f'^cart de iadite seconde moiti^ 

de mouie (30) en direction de ladtte premiere position apr^s i'^vacuation de la vapeur 

76. Apparel! selon ia revsndfcation 1 ou 2 ou 3 ou 4, dans iequel ledit poste de demouiage automatiss (90) comprend 
en outre des moyens de saisfssenrient (585) assodes avec iedit un assenribSage de mouie de ientilie de contact 

30 pour saisir ladits seconde moitife de mouie (30) iorsque iadite seconde moitt^ de mouie (30) est sSparee de sa 

premiere moiti4 de mouie respective (10), 

77. Appareii selon la revendtcation 1 ou 2 ou 3 ou 4, dans iequel ledit poste de demouiage automatism (80) comprend 
un assemblage ds tuydre a vapeur pour chauffer la seconde moitid (30) d'un assembfage de mouie de ientilie de 

35 contact, (edft assemblage de tuyere comprenant ; 

a) u ne piu ra!)t6 de tuyeres a va peur < 527 ) pour mettre en prise une plura fit6 d'assembfages de mouie de ienti f !e 
de contact, chacune desdites tuyeres (627) comprenant : 

i) des moyens poor sceller tadite tuyere audit assembtage de mouie afin de cr^er une chambre de chauf- 
fage entre iadite tuy6re (527) et ledit assemblage de mouie de ientifle de contact ; 

ii) un orifice a vapeur pour 4vacuer de ia vapeur dans Iadite chambre de ctiaufiage ; et 

iii) au moins un orifice d^fini dans ciiacune desdites tuyeres (527) pour 6vacuer de la vapeur S partir de 
iadite chambre de chauffage. 

45 

b) des moyens pour depfacer iesdites tuyeres a vapeur (527) en mtse en prise avec iesdits assembfages de 
mouie de tentiiie de contact ; 

c) une premidre ciiambrsde surpression pour distribuer de la vapeur ^ ctiacun des assembtages de tuyeres ; et 

d) une seconde chambre de surpression pour cr6er un vide ^ travers iesdits orifices d'a^ratton afin d'4vacuer 
50 de ia vapeur depuis iadite chambre de ciiaufege moyennant quoi un gradient de temperature peut dtre cr^4 

entre ladtte moitie de mouie de courbure arri^re (30) et ia ientilie de contact dans iedit assemblage de mouie 

78 Appareii selon ia lexendicatton i 2 3 ou 4, dans lequei ledtt poste de demouiage antomatise tuOi comprend en 
oiitie une souf<. e de rayonnement iectiomagnetique intwn^-e pour le chauftaqe de l une desdit*^? moitt*^? Je moule 
ss tTOt Ju'ant le demouiage l^-^dit rj^onnemt-nt etani absott)(=^ par iadtlt; une ttwiUr^ njoult i^O) iftn dt cie^T un 

diiTerentiei de temperature entre iadite mortie de mouie (30) et ia ientitie de contact a demouler, 

79. Apparcil selon !a revendication 78, dans tcque! tcdit poste de demouiage (90) comprend 6galement des moyens 
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pour diriger tedit rayortnement electromagnetique depuis fa source pour empScher (a surface ext^rieure de ladtte 
moitte de moule (30) d'etre chauff^e. 

SO. Apparei! selon ta revendication 79, dans iequei la source de rayonnement electromagnetique est un iaser. 

s 

81. Apparet! selon ia revendication 80, dans, lee-:;-: '■i)y-n-^:--.e'^\ possede une tortcuiettr d'onde coinprise entre 
environ 1 um et environ 20 ,ufn, 

82. Apparei! seion la revendication 1, 2. 3 ou 4, as'^s ;e;;ue: ;e;;:: pos;e ':e csemoulage a>.itomatisi<5 (90i est psrtic.ilie- 
w lement.Jdispte? pour di-rnoukjr une lentiiie sin contac- rno\i\iii ■■■r,i: pff mi--?re et une seconde inotfie de mouie 

(10, 30), dans leque! iadfte premiere moitie de moule (10) est une moitie de moute de courbure avarjt concave et 
la seconde moitife de inoiiie (30) est une mofti6 de moute de courbure arriere convexe, chacune desdites moities 
(10, 30) possedant un element formant bride s'^tendant vers fexterteu (18, 36), iesquels §tements formant bride 
f 1 3, 36; sont espaces et sensiblement paralleies entre eux, ledit poste de derDoutag© {SO) comprenant un appareii 
ts de demoulage comprenant : 

a) au moins une patre de doigts de ievter inferieurs {456, 458), iadite paire etant joint© au niveau d'une anse 
pour former un outil formant ievier en forme de U inferieur ; 

b) au moins une paire de doigts de levier superieurs (456, 458), ladtte patre 6tant jointe au niveau d'une anse 
30 pour former un outil forrnant ievier en forme de U sup^rieur ; 

c) des premiers moyens pout animer d'un mouvement de va~et-vtent iesdtts outils formant ievier superieur et 
inferieur le long d'un axe d'insertion depuis une premiere position d'acheminement vers une seconde position 
d'insertion ; 

d) des seconds moyens pour animer d'un mouvement de va-et-vient tesdtts outiis formant ievier supeneur et 
2S infeneur le long d'un premier axe de ievier depuis une premiere position d'insertion vers une seconde position 

de de;moulage ; et 

e) des moyens de commande pour adionner de maniere s6quentie!le lesdits premiers moyens afin d'ins^rer 
iesdits outils formant ievier entre ies elements formant bride {18, 36) dud it mouie, puis pour actionner fesdits 
seconds nrioyens afin de soulever iadite moitl6 de mouie de courture arridre {30) vers fe haut pour s^parer 

3<? ainsi fadite moitid de mouie ds courburs amers (30) de iadtts moitis de mouls de courfoure avant {10). 

83. Apparei! selon la revendication 82, dans iequei une piuraiite de lentilles de contact et de molties de moule (10, 30) 
sont port6es par lesdits moyens de transport (27, 29} sur un plateau (12), et dans Iequei ledit appareii comprend 
une plurality de pal res ds doigts de ieviers inferieurs et superieurs (456, 458). 

35 

84. Appareii selon ia revendication 83. dans iequei iedit piateau (12) comprend deux rang^es de lentiiles de contact 
et de moitifes de mouie (10, 30), et dans iequei ledit apparei! comprend des premier et second ensembies de doigts 
de feviers sup6rieiirs et inferieurs {456, 458), un premier ensemble Mant positionn^ sur un premier c6i& dudit 
plateau (12) et un second ensenribie ^tant positionn^ sur un second c6t6 dudit plateau (12), 

40 

85. Appareii selon la revendication 84, dans iequei dans chsque outii formant levier (448) se trouve un Element formant 
iame plate mince ayant une piuraiite de doigts de levier s'etendant vers i'ext6rieur (456, 458). 

86. Apparei! sefon la revendication 85, dans fequel lesdits Elements formant iams sont pris en sandwich ensemble 
4S pour etre inseres entre iesdites brides (18, 36). 

87. Apparei! selon ia revendication 82, dans iequei iedS apparei! de demouiage {90} comprend en outre une ventouse 
(585) pourcliacune des, au fYioins une, pairss ds doigts de fevter superieurs (456, 458), 

50 88. Appaieil selon U f<^^^<^nd^^.at!o^l B7 dans leque! ledit appareii comprend en outre des trotsi^mes moyens pour 
animei d un m5u\e!n.-nt v,j et ^nent reciproque ind6pendant iadite ventouse (585) afin de retirer Iadite moitie 
de moule d-^ coutljute uneie t -0) aesditSj doigts de ieviei superieurs aprss separation desdites molties de moute. 

89 Apparyil selon la r«^^<^ndt^.atiO!l S? dans leque! ledit appareii comprend en outre des moyens pour chauffer Iadite 
ss moitte de mouie de courbure arriere avant que iesdiis deuxiemes moyens soient actionnes. 

90. Appareii seion ia revendication 89, dans Iequei lesdits moyens pour ciiauffer comprennent une tuyere k vapeur 
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91. Apparei! seion fa revendtcation 89, dans lequet lesdits moyens pour chauffer eomprennent un (aser, 

92. Appetrejj sebn t'une queiconque des revendications precedentes, compmnaot un post© de predurcissage {60} 
pour S6:rrer ladtte premiere moitte de moufe (10) contre ladite seconde moitie de moute (30) A une pression et 

s pendant uns duree pr^determinees afin d'exposer ledft fiydroge! S «n rayonnement actmique pour iDitier !a pofy- 

rnensation, 

93. Appareil selon la revendication 1, 2, 3 ou 4, dms ieque! !e posts de demoulage poss^de des moyens de chauffege 
pout chauffer la sacortde partie de moute avarrt !e dSmoufage. 

10 

94. Apparei! &.?lori Tune queiconque des revendications pr6c6dentes, dans iequel ies parties de moule sotrt assem- 
blies sous vide. 

95. Appared selon la revendtcation 1 2, 3 ou 4, dans iequef ies parties de moule sont traosport^es dans un environ- 

ts nement faible en ovygene 

96. Procede pour mouler automatiquement des lenWIes de contact souples a psrttf d'un monom^re poiym^fisable OU 
d'un n^elange monomere, iedit procede comprenant ies etapes consistant a : 

30 a) transport^'! une plurahif- de rnoijlcis de ientille de contact vers et depuis une pluralite de postes automatisms, 

chacun desditi niouleij de lentille de contact ayant des premiere et seconds parties de moule (10. 30) ; 
b! deposerune quantite predetermmee d'un monomere poiymerisable ou d'un melange monomere dans ladite 
premt6fe partie de moule ; 

c) assembler au niveau d'un deuxieme poste automatise (55)chaque premiere partie de moule (10) avec une 
2S seconde partie de moule {30) ; 

d) sen-er ladite seconde moitt* de motiie {30} centre iadtte premiere moiti^ de moule (10) & une pression et 
pendant une dur^e pr6d6termin6es afin de d^finir une cavity de mouie de ieotille de contact (101 ) et afin de 
retirer tout exces de monomere de ladite cavite {101 ) ; 

e) poiym^rlser Jedit monomere ou m^fange monomere dans ladite cavity (101) aprds que iesdites premiere 
so et secondss moitl^s (10, 30) sont serrses snsembis a I'atd d'energie rayonnante ; et 

f) retirer ao niveau d'un poste de d^moulage automatise (90) iadite secoode partie de mouie (30) et tout exces 
de monomdre de ladite premiere partie de moule (10) et de iadite lentHie de contact moui^e, 

97. Procede seion la revendication 96, dans isqusi : 

35 

!'6tape de poiym^risatton du monomere ou du m^iange monomere comprend Ies stapes consistant ^ : 

1) exposer iedit monomere ou mfeiange monomere serrd a une source d'energie rayonnante (314) pour 
prSdurctr la lentiiie jusqu'^ une consistance sembiabie S celie d'un gei et initier ia polymerisation dans la 

40 lentiiie ; et 

2) poiymeriser et durcir Iedit monomere ou melange monomdre dsns ladite cavity (101 ) apr^s que ladite 
lentHle a ete predurcie, 

98. Proc^d^ selon ia revendication 96 ou ia revendication 97, comprenant en outre i'dtape consistant a mouier des 
4S premieres et secondes parties de moule (10, 30) pour la production d'eisauciies de ientilies de contact souples 

dans des premier et second postes de mouiage a«tomatises(101a, 101t3). 

99. Procfede selon ia revendtcation 96, 97 ou 98 comprenant en outre i'sta consistant A d^gazer le monomdre ou ie 
melange monomere avant de rempiir ia premiere partie de mouie {10). 

50 

100. PfOCede ■selon la r<ri<rnUitation 9^ 97 ou 98 comprenant en outre i'etap con'iit.t.jtit ti.sn'spoEtPi lesdites parties 
de moule ( !0 iO) dans un^ atmospiiete foerte pour empecher I'absoipti-j d'o>ygene put jf-lles-ci 

101. PiOcede selon la re^'endicati'^n lOU ooinprenant en outre I'etap rons!?tant a iTioulei des enseiTiblei. de'Sdite'S 
ss ptemiertjs ssifonde-s parlif-s dt; muuly (10, 30t a une temperature d'au mutns 4S0 degrts F djns un cv(.i>=' de- 
temps allant de 3 a 12 seconaes. 



102.Procfede selon la revendication 101, comprenant en outre l'6tap consistant ^ transferer iesdits ensembles moulds 
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de iadite ^tape de moulage vers iadite ^tape de transport dans une atmosphere inerte dans un intervaiie de 15 
sscofides apr^s !a fin de ladtte 6tape ds moulage, 

103. Procede seion la revendication 96, 97 on 98, dans lequef iedft procedd comprend en outre f'etape conststant i 
serrer iesdites parties de mouJe {10, 30) ensembte dans (adite Mape d'assembtage dans des condittorts de vide 

aftn d'asseoir fermement et d'aligner tes parties de moule 

104. Procede seion la rsvsndication -^^ £ , c - ; "* f^- o -e e*a\, consistant a former chaque partte de 
mnulf a've'Mjn efement formant bnae V ■ r „ i i: e e: ' - Ot^ ;8 -io) de ladite premier^ partif d<i mnu If 
(10) d'un {cns,!oact!f tjv^jnt I'ass.tjrnWatjt: d'?s.jfti?!. }. 3'- s ; ;s *; , 0 .^0* 

105. PtocSde selon rf\fnd!L3t!on 96 ou 9/" ou 98 cr ■^z'- = ; ^.t'-s let^pe xnsistant a transportt-r It-sdites 
premieres 8t secondes parties de moul^ (10 30t p-s' - ^' t , z. 56>- platejio; separeb ijl'l 

lOO.Procede seion ia revendtcation 105 dans lequel iadjte etape cie tiansport comprend en outre I'etap conststant a 
intercater des piateaux(12) avec un ensemble de premieres parties de mouie (10) avec des plateaux {12; ayam 
un ensembie de secondes parties de mouie <30). 

107-Procede selon la revendication 1 06, comprenant en outre f'etape consistant a ramasser un ensembie de secondes 
parties de moule (30) deputs un plateau {12) dans un premier cycle, e{ a dSposer ledit ensemble de secondes 
parties de moule (30) sur lesdites premieres parties de mouie (10) dans un second plateau (12) pendant un second 
cycie pour assembler ledit mouie. 

lOS.Procede seion i'une quelconque des revendtcations 96 a 107, dans fequel tes parties de moule sont assemblees 
sous vide. 

109.Proc^d6 seion ia revendication 96, 97 ou 98, dsns fequel les parties de mouie sont transport^es darts un eoviron- 
nementfaibie en oxygsne. 
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FIG. 5 
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FIG.I6 
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FIG. 20 
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